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9.0 COMMAND SUBSYSTEM 


The command subsystem consists of two separate systems; the extended command 
subsystem (ECS)* and the minimal command subsystem (MCS)*,. The ECS and MCS 
accept. command messages from the remote tracking stations (RTS's) described 
in Part 4, Section 7, verify and decode the information, and either generate 
immediate commands, or store the data for later execution. Simply stated, 
command execution involves generation of a pulse on a single line (or pulses 
on several lines for certain types of commands) with controlled rise and 


fall times, pulse width, and amplitude. 


Commands for the Photographic Payload Section/Dual Platen Extended Altitude 
Capability (PPS/DP EAC) are received either by the command processor (CP), or 


the initiator electronics unit (IEU) which perform the following functions: 


a. Command Transfer 
b. Logic Operations (if required) 


ec. Command Transfer Monitoring 


The CP receives all non-pyrotechnic related commands while all commands which 
require actuation of pyrotechnic devices are handled by the IEU. The CP is 
described in Section 9.7. Further information concerning the IEU is provided 


in Part 3, Section 7. 





*The ECS and MCS are located in the Satellite Control Section of the Photo- 
graphic Satellite Vehicle and are manufactured by General Electric Aerospace 
Electronic Systems Division (GE AESD). 
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In normal oparation , the ECS is treated as the primary subsystem for commanding. 
The MCS is used only as a backup fer the ECS, to provide an additional means 
of commanding those functions critical to mission termination and recovery, 





The relationship of the ECS, NCS, the RTS communication Links and the PPS/DP EAC 
units is shown in the block diagram of Figure 3:9~1. 





9.4 Vehicle-Ground Communications Link 


Comminication with the vehicle is provided by two Separate Links. Link 1 
consists of two-tedundant channels, space ground link system 1 (SGL$ 1) and 
space ground Link system 2 {SGL5 7}. Link 2 is a backup command link employ- 


tine an ultra high frequency (UHFY receiver in the SCS {see Figure 3.9~2}. 


The SGLS equipsient in the vehicle prevides the tracking, telemetry, and com- 


mand capabilities for the vehicle. The SGLS transponder contains the radio 







frequency (RFE) receiver 





for tracking and command purpeses, and 
the RF transmitte ‘or tracking and telemetry requirements. The 25X1 
UHE backup command link includes only a receiver, and therefore cannot serve 

for tracking or telemetry purposes. Each remote tracking station has beth 

S-band (SOLS) and UNF communications equipment for support of the Gambit 


mission. 


The telemetry portion of the vehicle commmications is deseribed in Part 3, 
Section 10, Tracking is the responsibility af the SCS associate contractor, 
Lockheed Missiles and Space Company (IMBC) and will not be discussed here. 





9.2 Comnand Types 





Two baske operational command types, real-time commands (RTC's) and stored pro- 





gram commands rspC's), are available through the ECS and MCS. Real-time commands 
are executed upon receipt and verification, ani are used to provide ECS/NCS 


control as well as commanding other vehicle functions. No RTCs are processed 
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by the PPS/DP EAC. Stored program commands are received and stored in 

memory upon verification and proper secure word* transmission procedures. 
These SPC's are read out of memory and executed 0.2 second after the command 
system clock matches the time code portion of the command. Thus, SPC commands 
can be given at a maximum rate of one every 0.2 second (the command system 


clock code increment). 


Stored program commands are divided into three subgroups, each with distinct 
characteristics. Normal stored program commands (NSPC's} behave much as real-~ 
time commands in terms of command execution. Protected stored program com- 
mands (PSPC's) provide additional security in that they must be given in 
pairs for execution, the second following the first by 0.2 second. PSPC's 
are also protected against inadvertent commanding due to hardware failures by 


providing switched, isolated output and return lines for each command pulse. 


Variable stored program commands (VSPC's), like NSPC's, occur singly. When 
executed in the command period following the time label match, they provide 
an output on one or the other of two discrete lines for each bit in the 
variable portion of the command word depending on the logic state of the bit. 
VSPC commands also provide one additional discrete output (the "implicit" 
bit) which indicates that the VSPC is being executed. This output is treated 


as a command input in the PPS/DP EAC, 


Several other command types are used by the command subsystem to control the 
ECS and MCS and do not affect the PPS/DP EAC. However, two special commands , 
secure word real-time commands (SWRTC 1 and SWRTC 2), are available through 

the MCS which do control functions within the PPS/DP EAC. SWRTC 1 is used ex- 
clusively to enable the recovery of SRV 1, and SWRTC 2 to enable the recovery 
of SRV 1 and/or SRV 2 by MCS termination commands (ARM/TRANSFER/SEPARATE) .° 


*Secure words are special command words used to gain access to the command 
subsystem, and to prevent unauthorized or accidental commands from being 
accepted. 
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The actual enabling circuitry is located in the initiator electronics unit. 
Execution of SWRTC 1 or 2 does not affect processing of termination commands 


from the ECS. 


9.3 Command Bit Structure 


Stored program commands transmitted to either the MCS or ECS consist of 39 
bits, with bit 1 the least significant bit (LSB). For ECS command words, 

the first 22 bits represent a time tag; bit 23 is a time parity bit providing 
even parity for the time label (even number of 1's including parity); bits 24 
through 38 are command and function identification bits; bit 39 is the even 


parity bit for the entire word (Figure 3,9-3). 


TIME LABEL Genre ET INC TT ON 





DECODER ADDRESS BITS 


Figure 3,9-3, ECS Command Bit Structure 


In the MCS command bit. structure (Figure 3,9-4), bits 1 through 21 are the 
time code bits with bit 22 always set to 1; bit 23 is even parity for the 
time label; bits 24 through 28 are always zero and the command function is 


contained in bits 29 through 38; bit 39 is even parity for the entire command, 
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Figure 3,9-4, MCS Command Bit Structure 


The command numbers assigned to stored program commands include a prefix to 
indicate the type of command; "N' for NSPC, "P" for PSPC, and "'V" for VSPC. 
An "M" precedes the entire code for MCS commands. The octal representation 
of the function part of the command follows the prefix. This octal code 
consists of 5 digits which correspond to the conversion of bits 24 through 
38 from left to right in groups of three. For example, a command expressed 


in octal as 01754 appears in binary as 000 001 111 101 100 (see Figure 3.9~5). 


Bit Number 2 36 3 


4 27 30 33 8 
sinary — Lolofofololiti|ilifitolifsfofo! 
0 1 ? 5 4 


Octal 
Figure 3.9-5, Binary-to-Octal Code Conversion 


Each NSPC and PSPC has a unique octal code assigned to it. The command system 
identifies it by the bit pattern (bits 24-28) and produces outputs on the 


appropriate command lines. 
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VSPC's are different in that they are identified by a few of the 15 function 

bits and the remaining bits can each be used to provide one of two discrete 
outputs by assigning either a "1" or a "0" to each variable bit, The VSPC 

octal codes are identified by placing a "V" before the octal code. They are 
further identified by placing a decimal number ahead of the ''V" to tell how 

many variable bits are available in the word. VSPC's available to the PPS/DP EAC 
from the. ECS are 14V, 13V, 10V and 4V words, Only one variable command, a 

6V word, is available to the PPS/DP EAC from the MCS. 


To facilitate discussion of the VSPC formats, the letter b is used to re- 
present a variable binary bit and the letters W, X, Y, and Z are used to 
represent the four variable octal code digits. This convention is shown in 


Figure 3,9-6. 


sina b bib b bl b b bl b b bl b b b 
Octal W xX Y Z 


Figure 3,9-6, Variable Word Octal Representation 


For octal positions where only one or two of the three bits are variable, an 
octal equivalent of the bit pattern resulting from placing the variable bit(s) 
in the 0 state expresses the fixed bit(s} and is followed by one or two b's 


depending on the number of variable bits in that octal position, 


There are three large VSPC's available from the ECS, They are the 14V WORD, 
the 13V WORD and the 10V WORD. The bit patterns of the large VSPC's are 


shown in Figure 3.9-7, 


3,9-8 
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Figure 3.9-7. ECS 14V, 13V, and 10V VSPC Octal Codes 


Examples of other variable words available to the PPS/DP EAC are 4V0172b7Z, 
4VO152bzZ and MeVvod2YzZ (MCS command). Additional VSPC's in the ECS and MCS 
are assigned to the satellite control section (SCS). 


In addition to the two outputs available for each variable bit of a VSPC, 
there is the implicit bit which furnishes one additional output when the 
variable bit command is executed. 


9,4,1 Decoder Selection 


The stored program commands in the ECS are executed in either, or both, of 





the A and B decoders {except for those designated in the remote decoder*). 
The three large VSPC's (14V 13V, and 10V) are executed simultaneously from 
both decoders, unless a second SPC from the opposite memory is to be executed 
simultaneously, in which case each command will be executed by the decoder 


associated with its. programmable memory unit (PMU). 


All other stored program commands use bits 28 and 29 to designate the de- 


coder(s) that will decode and execute the command according to Table 3,9-1. 


Handle via BYEMAN 
Centro] System Only 








Approved for Release: 2017/02/14 C05097359 








Approved for Release: 2017/02/14 C05097359 





oS 
BIF-00g- W-C-019842-R1-80 


TABLE 3,9-1 
ECS SPC DECODER SELECTION 
Second 
Bit 28 Bit 29 Octal Digit 
Decoder A 1 0 2 
Decoder B 0 1 1 
Both Decoders 1 a 3 


Thus, NO2754 will be executed by decoder A, NO1754 will be executed by de- 
coder B and NO3754 will be executed by both decoders simultaneously. 


The MCS includes only one decoder and therefore does not reserve bits for 


decoder selection, 


9,3.2 RTC Bit Structure 


Both ECS and MCS real-time commands consist of 7 bits: the first bit repre- 
senting even parity, bits 2 through 5 for command identification and the last 
two bits (6 and 7) for the decoder address (ECS commands only). RTC's cannot 
be executed by both decoders simultaneously. Figure 3.9-8 illustrates the bit 
structure of all real-time commands. 

DECODER ADDRESS. BITS 





EVEN PARITY BIT 


Bit 6 Bit 7 


Decoder A 


Decoder B 


ah © el) 
lll a) 


Figure 3.9-8, RTC Bit Structure 
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An octal code representing bits 2 through 7 is used to designate the RTC as 
was done for stored program commands. The codes are preceded by an "R" for 
ECS RTC's, and an "MR" for MCS RTC's, A second type of real-time command 

secure word real-time commands, exists only in the MCS, These have been de- 


scribed previously in Section 9,2, 


9.4 ECS Simultaneous Commanding 





Simultaneous commanding (executing a different command in each decoder dur- 
ing the same command time period) is possible with ECS stored program com- 


mands assigned to the PPS/DP EAC within certain guidelines: 


a, <A 14V, 13V or 10V command will be executed by both decoders 
at the same time unless the other programmable memory unit 
(PMU) supplies another VSPC or an NSPC to be executed at the 
same time, In such a case, each decoder will execute the 


command which came from its associated PMU, 


b. One NSPC, 4V or 6V command can be executed individually out 
of one decoder, or out of both decoders simultaneously. Two 
different commands of the NSPC, 6V, or 4V type may be exe- 


cuted at the same time: one out of each decoder. 


e, One PSPC can be executed individually by one decoder, or out 
of both decoders simultaneously, A different PSPC can be 
executed by each decoder simultaneously. However, a PSPC 
should not be executed by one decoder while the other decoder 


is executing a non PSPC type command. 


d, Real-time commands may be executed out of only one decoder at 
a time and the other decoder cannot be used simultaneously. 
If the decoders are in the real-time state and a stored program 
command time label indicates an NSPC, PSPC, or VSPC. is due for 


execution, the RTC will be inhibited and the SPC will be executed. 
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Table 3,9-2 summarizes the possibile command combinations, Additiowal re- 
strictions, imposed by the commanded hardware rather than. limitations of 


‘the ECS, are listed below: 





a, A function should not be commanded to two different 
states at the same time; i.e., DOOR OPEN from decoder 
A, and BOOR CLOSE from deroder B. The result of such 


commanding will be ambiguous, 





b. Film drive ON/OFF commands ‘and platen PLUS/MINUS/STOP 
commands showld be issued from the same PMU to preclude 
ax ECS clock separation situation from affecting the 
order of tasnance; i.e., Film motion which is started 
by a comhand from PMU A should also be stopped by a 
command From PMU A. Such a procedure will prevent 


Film waste in the event of a problem with PMU B, 


c, Termination sequence commands should be issued from 





beth decoders simultaneously. 


Many other conflicts and interlocks exist in the ECS, but are beyond the stope 


of this document, 


9,5 





Timing Signals and Command Pulse Characteristics | 


The ECS incorporates two independent clock circuits, the master clock (B), and 


the slave clock (A). In addition to internal ECS fonctions, these provide 





three timing Signals (A, B, amd C) to the SCS and PPS/DP GAC. Timing signal .¢ 
from clock A is designated C1, and from clock B is designated C2. (C1 and C2 


are delivered on separate lines, only one of which is active at any given time. 





The timing signals consist of a series of positive pulses having a peak ampli- 


tude between 4.7 velts and 7.35 volts and a quiescent level of 0.40 volt, The 
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DECODER A DECODER B DECODER A DECODER B 


13V | 14v* 


DECODER. A DECODER B 
14yV-Identical-14V 













LOV L4yv* 















14V-Different-1l4v* 13V-Identical-13V LOV 13V* 
14V 13V* 13V-Different-13V* 10V-Tdentical-10V 
14V 1LoVv* 13V 10V* 10V-Different-1LOV* 
14v 6V* 13V 6V* LOV 6V* 
14V 4y* 13V 4y* 10V 4y* 
L4y NSPC* 13V NSPC* 10V NSPC* 










DECODER A DECODER B DECODER A DECODER B DECODER A DECODER B 

6V 14v* ay 14V* 14y* 

6V 13y* ay 13V* 13yV* 

6V 1oVv* ay 10V* LOoV* 

oV-Identical- ‘6V 4V 6V 6V 
(> 6V-Different- 6V 4V-Identical-4V 4yV 

6V 4V 4V-Different-4V NSPC-Tdentical-NSPC 




















6V NSPC Ay NSPC NSPC-Different-NSPC 
|S Nothing | AV Nothing Nothing 
rans Coen ree ec 
DECODER A «DECODER B DECODER A DECODER B DECODER A DECODER B 








Nothing 
Nothing 
Nothing 
Nothing 
Nothing 


PSPC-~Identical-PSPC 
PSPC-Different-PSPC 





Nothing 






PSPC Nothing 






*To get the combination shown, commands will have to be issued from the associated PMU. 
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pulse duration is nominally 1.0 millisecond with rise and fall times less 
than 20 psec, Since all three are derived from the basic ECS clock, they 


are syrichronized to each other, 


Figure 3.9-9 presents a timing diagram for signals A, B, and C. Timing sig- 
nal A is a time label consisting of a synchronization pulse followed by a 
24-bit time code representing the ECS clock time associated with that synchro- 
nization pulse.* The presence of a pulse represents a binary ONE and the 
absence of a pulse a binary ZERO. The code is presented every 0.2 second 

at the rate of 500 pps with the least significant bit first. The first 22 
bits of the time code serve to accumulate time in 0,2-second increments to a 
maximum of 838,860.6 seconds and then reset (bits 23 and 24 are ignored 
within the PPS/DP EAC). 


Timing signal B is a 500-pps wave train. Timing signal C is a 20-pps wave 
train, To prevent loading problems, the timing signal interfaces between the 
SCS and the PPS/DP EAC are controlled by interface agreements among the 
associate contractors, Each signal is transformer coupled to circuitry within 
the PPS/DP EAC (in the 9 and 5 camera electronics assemblies) to meet these 


requirements (see Figures 3.9-10 and 3.9-11). 
9.5.1 Command Pulse Characteristics 


Like timing signal characteristics, the command pulse characteristics at the 
PPS/SCS interface, and loading within the PPS/DP EAC, are also controlled by agree- 
ment among the various associates. The nominal command pulse amplitude is 31.5 


volts with rise and fall times between 2 and 5 milliseconds. The pulse duration, 


*Time relationship: The leading edge of the ECS command pulse lags the leading 
edge of the synchronization pulse of the associated time label by 190 to 210 
milliseconds, 
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Figure 3.9-9. Timing Signals 
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Figure 3.9-10. Timing Signal Circuit A or B Interface 
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Figure 3.9-11. Timing Signal C Circuit Interface 
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defined as the total time the pulse amplitude is above 50 percent of its 
peak Level, is between 100 and 110 milliseconds for ECS commands, and 96 


and 180 milliseconds for commands executed by the MCS, 





Each decoder can execute one stored command every O.¢ second, Continuously 
transmitted readi-time commands for focus adjustment have a maximum time be- 


tween the trailing edge of one pulse and the leading edge of the following 





pulse of 100 ms when measured at the 50 percent level of peak amplitude. 


When executing commands out of each ECS decoder during the same command per- 
tod, or when éxecuting a VSPC (several discrete outputs), the command pulses 
will be almost sittultaneotis, ALL VSPC pulses from one decoder occur within 
1.5 ms of each other. Command pulses from opposite decoders, initiated by 

a single PMU readout, occur within 3.4 ms of each other. When the slave 
clock is synchronized to the master, comhand pulses from opposite decoders 


and PMU's are displaced in time no mare than 7.3 ms, Tight control over the 





command timing ensures that the commanded functions will operate as expected 


when the orginal comand message was assembled, 


9.6 Extended Command Subsystem/Minimal Comnand Subsystem Overview 
‘The ECS and MCS are manufactured by General Electric Aerospace Electronic 


Systems Division and are installed by EMSC in the satellite control section 
of the PSV. The following information is included for reference purposes onty 


and is net guaranteed to be current. The source used is a training menual 





published by GE AESD.* Only those points considered pertinent to the under- 
standing of PPS/DP EAC operation are discussed. For complete information, 
refer to publications from GE ABSD and/or LMSC. 





*Reference BIF-0U8-W-N-200061-TH-73: Training Manual for MOD IV Low Power 
Command System. 
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9.6.1 Extended Command Subsystem 


The ECS, in response to signals from the ground communications link, accepts, 
verifies, and decodes information, and either generates immediate command 
outputs or stores the commands for later execution, The ECS is comprised of 
a single command input unit (CIU), and redundant voltage converters, clocks, 
programmable memory units, and synchronous decoders, and has an additional 


remote decoder (not employed for PPS/DP EAC functions) which processes PSPC's 


only (see Figure 3.9-12). 


9.6.1.1 Command Input Unit. The command input unit gates data from link 1 
(SGLS 1 and SGLS 2), or link 2 (UHF link), buffers the data and outputs it 
to the ECS decoders, SGLS 1 data is supplied to ECS decoders A and B, and 
also to the MCS. SGLS 2 data is provided to both ECS decoders only. Link 
2 data (UHF) is fed to the CIU and also directly to the MCS. In addition to 
receiving the input data, the CIU also generates inhibit signals for the MCS 


to prevent simultaneous ECS/MCS processing on the same link. 


9.6.1.2 Command Decoders. The two synchronous decoder units (A and B) in 

the ECS accept inputs from either the CIU or the programmable memory units. 
RTC inputs from the CIU are verified, decoded and executed. Stored program 
commands are sent to the PMU's, SPC's received from the PMU's are decoded 

and executed. The complete operation of a decoder can best be described 


by dividing it into RTC and SPC command operation. 


9.6.1.2,.1 Real-Time Command Decoder Operation. Command link data is supplied 
to both decoders in parallel by the CIU, The seven-bit RTC is preceded and 


followed by one or more S (synchronization) pulses, The first bit transmitted 
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Figure 3.9-12, Extended Command Subsystem 
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to the ECS is the parity bit (bit 1). Bits 6 and 7 are the decoder address 
bits which determine whether decoder A or B executes the command, The 


addressed ECS decoder must be in a real-time state to accept an RTC, 


The received command is checked to verify that it exhibits proper bit count, 
parity, and address, For valid RTC's, the receipt of the trailing 5 pulse(s) 
signals the start of exectition, and the voltage converter generates a com- 
mand pulse which is supplied to the selected output line, For internal RTC's 


(those controlling the ECS), the voltage converter output pulse is inhibited, 


9,6.1.2.2 Stored Program Command Decoder Operation, The stored program 
command transmitted consists of 39 bits preceded and followed by one or more 
S pulses, The first 22 bits are the time label bits, with bit 1 (0.2 second) 
the least significant bit. Bits 24-38 are the function bits containing the 
command data that is transferred to the decoders from memory when the time 


label is matched, 


An addressed memory may be loaded via either decoder. The command is trans- 
mitted to the memory and checked for proper bit count and parity, The com- 


mand is rejected if one or both are incorrect. 


Readout of the 15-bit function portion of a command from memory occurs 0.2 
second after the time label of the command (NSPC, VSPC, or PSPC) matches the 
clock (vehicle) time. When a command is about to be read out, both decoders 
receive a signal which inhibits RTC operation, and, if necessary a signal 

to turn on decoder power. Should both memories read out simultaneously, each 


command if it is addressed to that decoder. 





The decoder logic determines whether the SPC is an internal or external com- 
mand, verifies the bit count, and determines whether it is a valid NSPC or 


VSPC, or is part of a PSPC pair. Execution of an NSPC results in one command 
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pulse output on the command Line selected by the NSPC code, VSPC!s require 
‘two output lines for each variable bit. An output pulse is supplied ta one 


tine if the bit is a logic 0, and to the other if the bit is a logic 1, In 





addition, there is one diserete output provided each time the VSPC is ex~ 


ecuted (the implicit bit). 


PSPC decoding is accomplished differently in thet two identical PSPT's. ex~- 





hibiting a difference in time labels of 0,2 second must be read out from 
memory, The first is treated like an ordinary NSPC or VSPC except that, 
upon identification as a PSPC, the output is inhibited. When the second 
half of the PSPC is read out 0.2 second later, a bit-by-bit comparision 

of the two commands occurs to verify that they are identical, and execution 


takes place. Any difference in the bit structure, or 4 difference of more 


than 0.2 second in the time labels, will prevent execution. 


PSPC command pulse output requires two isolated wires for each command. 





Upon execution, one carries the command pulse, and the second is tied to 
ground during the command period, to previde an isolated return, As ex- 
plained earlier, the use of switched output and return lines afford added 


protection against hardware failures such as short circuits. 


9.6.1.3 8CS Clocks. The ECS contains two identical clock units. Hach clock 
generates timing signals for its associated half of the ECS, Both, in con- 
Function With their associated PMU, generate timing signals A, B, and C for 


use external to the ECS. However, enly one clock, as selected by command, 





outpnts these signals at any given tine, 


The clock circuit contains a temperature-compensated crystal oscillator which 


‘provides a frequency of 4,096 MHz. Countdown circuitry provides the basic 





clock frequency of 1.024 MHz. Additional countdown circuits generate the 


timing signals for use by the ECS, and for external use.* 


*The vehicle time code (signal A) is provided to the clock by its associated PMU, 
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In operation, the clocks are normally synchronous, with clock B the master 
and clock A the slave. Clock B provides a sync pulse to clock A every 0.2 
second, A discriminator checks to see if the clocks agree within a spec- 
ified tolerance. If so, clock A is. synchronized to clock B. Otherwise the 


clocks are allowed to run asynchronously, 
9.6.2 Minimal Command Subsystem 


The minimal command subsystem is a backup system for the ECS, and is capable 
of performing the same functions except on a limited scale. The MCS pro- 
cesses the full range of stored program and real-time command types. In 
addition, the MCS also accepts the two secure word real-time commands 


(SWRTC 1 and SWRTC 2) which enable MCS termination events for SRV 1 and SRV 2. 


9.6.2.1 MCS Components. The MCS consists of two sections, the minimal com- 
mand unit (MCU) and the minimal voltage converter (MVC}. The MCU receives 
command inputs from link 1 SGLS 1 (from the ECS command input unit) or from 
the UHF backup command link, link 2. Real-time commands are executed immedi- 
ately. Stored program commands received by the MCS for later execution are 
stored in a non-programmable memory, The MCU also receives external inhibit 
signals from the ECS which prevent the MCS from responding to data on a link 
if the ECS is being addressed on that link. 


The MVC acts as the power control for the MCS. The power is normally off when 
no information is transmitted to the ECS or MCS except if SPC's have pre- 
viously been stored in the memory. Transmission of S pulses on link 1 

SGLS 1 or link 2 will turn power on regardless of whether the subsystem is 

to respond to the following commands. The MVC will turn off when the S 

pulse transmission stops unless the proper sequence of secure real-time com- 


mands (SRTC's) and a secure word is received to put the subsystem in an 
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operate mode, 


$.6,2.2 MCS Real-Time Command Execution. Each real-time command consists of 





a 7-bit word preceded and followed by an $ pulse. The first bit provides even 
parity for the word, and bits 2-7 contain the cotmand function. The subsy stan 
‘Checks the incoming command for the correct number of bits and parity, Proper 


bit count and parity enable execution of the RTC upon arrival of the trail- 





ing S pubse,; 


§,6,2.5 “MUS Secure Real-Time Command Execution. A second type of RIC, secure 
yeal- time command (SRTC), 13 abso accepted by the MGS, ‘These are processed 

in essentially the same manner as normal ATC's, except all of the SRTC's muse 
be followed by a secure word match operation before the subsystem will ex- 


eente the commands; 


9.6.2.4 Stered Program Command Execution. The time labels of SPCts are com- 





pared with the time word every 0,2 second [or a possible readdut to ‘the ‘de- 
coder circuitry, When a match is obtained, the command will be tread out and 
executed during the next 0.2 second interval (unless it is the first command 


ef a PSPO pair}. 


When an NSPC ig executed, a command output pulse is supplied on the appropriate 
tine, Execution of a VSPC results in an output on one of twa Lines for each 
bit, depending on the bit state, plus an implicit output. Each PSPC output 


requires two lines, one carrying the command pulse, the second providing an 





isolated ground return when the command is being executed, As in the ECS, 
the MCS PSPC's require successive words stored fa memory. The two are. identi« 
cal éxcept for the time label portions which are one time interval {0.2 sec } 


apart, 





9.6.2.5 Secure Word Operation. The secure words used for secure real-time 


command execution, and two spécial secure words for the execution of the. two 
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39-bit secure word real~time commands (SWRTC) are stored in the MCS prior 


to launch. 


The two SWRIC commands are, by themselves, the secure words to be matched. 
Unlike SRTC's, these commands stand on their own. Once received and matched 
to the appropriate stored secure word, an output pulse is provided on the 


command line. 


9,7 ECS Real-Time Bias 





Real-time bias (RTB) is a 6V word command which incorporates a fixed offset 

in SPC execution time, The magnitude of bias is chosen on the basis of differ~ 
ences. between the vehicle ephemeris as verified at the remote tracking station 
and the predicted ephemeris used in assembling the command message. The major 
effect of small inaccuracies in the predicted ephemeris is to introduce error 
in the in-track acquisition times of photographic targets. By adjusting com- 
mand times to the actual vehicle position, events such as photographic se- 
quences will occur at the point (in terms of vehicle location) where they were 


originally intended. 


In operation the RTB command subtracts the selected bias from the vehicle 
clock time before comparison is made with the SPC time label, The bias occurs 
in increments of 0.2 second up to a maximum of +6.2 seconds. The time bias 
affects only the PMU in which it is loaded, and will remain in effect until 
the next bias command is executed. The actual vehicle clock time, which is 


recorded on the film as timing signal A, remains unaltered. 


9.8 Command Processor 


The PPS/DP EAC command processor serves as the primary interface between the SCS 
and PPS/pDP EAC for non-pyrotechnic commands. All pyrotechnic related commands 


are received and processed by the initiator electronics unit which is described 
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in Part 3, Section 7, The CP provides electrical isolation between the SCS 


and PPS/DP BAC, and the command signal decoding and ‘encoding logic required for 





PPS/DP EAC operation. Where a user unit (1.@., a unit receiving commands from 
the CP) has redundant circuits, the CP provides independent, parallel re- 
dundant command processing circuits to maintain the reliability. In addi- 


tioh, the CP provides Instrumentation outputs which monitor the receipt of 





commands from the SCS. 
9,8,1 Command Processor Physical Properties 


Thé command processor is mounted to rails in the supply electronics module 
which run from the ¢Y film supply enclosure wall outboard to rings of the 
supply electronics structure (SES). To reduce vibration leading of the unit 
curing launch, special vibration isolators are placed between the CP feet and 


mounting rails, 





A metal strip on ane foot provides the necessary electrical conduction be- 
‘tween the CP and SES for electromagnetic interference control, For a more 
exact description of CP location within the SEM, refer to the figures of 


Part 3, Section I. 


Physically, the CP is approximately 6,5 inches x 10 inches x 12 inches excind- 
ing the @ mounting feet, and Weighs slightly less than 26 peunds., As shown 


in Figure 3,9-13, the CP consists of a black anodized aluminum base plate and 





cover, and two stacks of epoxy-fiberglass printed circait boards (14 total) 
mounted to the base plate. Since the unit uses very Little power, no special 
heat sinking is required, The bottom side of each board is conformal coated 


as is each integrated digital-to-analog converter used within the CP, The 





beards are then individually foam potted flush with the vibration damper 
strips which are attached to the two board edges that have no input/outpet 


connections, 
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Figure 3.9-13, Command Processor Assembly 
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For purposes of isolation, input and output signals are carried by separate 
harnesses on opposite sides of the circuit boards. Power from the power 
monitor and control unit (PM&C) te the CP is carried by the output harness to 
maintain the isolation. Connections from the harnesses to the PPS/DP EAC and 
SCS are carried through eight electrical connectors mounted on the base plate. 
Connectors Ji, J2, J3, and J5 carry output functions, and connectors J4, J6, 


J7, and J8 carry inputs from the SCS, 
9.8.2 CP Operation 


Command information is received as shaped electrical pulses on dedicated wires. 
CP outputs are either reproductions of the SCS command pulses or relay contact 
closures/openings. The shaped output pulses operate relays in the PM§C. This 
is the only case where CP power is used as a signal to another PPS/DP EAC elec- 
tronics unit. CP relay contacts function as switches for their user units in 
the PPS/DP EAC. No connection is made between the CP power and instrumentation, 


and the user unit wires, or between wires provided by different user units. 


A single case exists where a CP input and output are electrically continuous. 
The viewport door OPEN/CLOSE commands are hard wired through the CP to the 
viewport door electronics, with only command receipt monitoring performed in 
the CP. All processing of these commands is accomplished within the view- 
port door electronics. Proper isolation is maintained within that unit using 


latching relays. 


9.8.2.1 SCS/PPS Command Isolation. Extremely high input (SCS) - output (PPS) 
isolation is provided by optically coupled isolators or latching relays used 
for the command interface. In addition, these circuits also maintain the 
proper load requirements for received commands as set by agreement among the 
associate contractors. The optical isolators are used where large fan-out 


requirements dictate parallel relay loads whose combined impedance falls below 
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the interface requirements, or where a shaped output pulse is to be pro- 


Vided to the PM&C. 


All input command pulses are referenced to the command subsystem returns. 
Where incoming command lines are tied together, diode decoupling is used to 
prevent a pulse from being returned into the command subsystem, Within the 
CP, the command return wires for all normal and variable, ECS commands are 
connected together as are the returns for all normal and variable MCS 
commands, and all returns are isolated from the structure and the main 
power returns. For protected commands, separate isolated, switched returns 
are provided in both the ECS and MCS. Within the SCS, all command return 
wires used for the normal, variable, and real-time commands are tied 
together within the command subsystem and through the command subsystem 


to the vehicle structure. 


Returns for PSPC commands maintain their isolation within the SCS. The only ex- 
ceptions to this are where returns for redundant protected command loads may be 
tied together, or where a protected command is gated with a non-protected com- 
mand load as shown in Figure 3,9-14. 
SCS , PPS 
PSPC #7 








Return 





PSPC 


ee 


NSPC or VSPC Non-Protected 


Command 
Load 


Command Return 
Interface 


Figure 3,9-14, OR Gating Protected Commands with Non-Protected Commands 
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The isolation circuits in the CP provide several other benefits, the first of 
which is high noise immunity, The amount of energy required to operate relays 


makes them immune to flarrow transient spikes. For optical isolators, zener 


diodes (15 volts} in series with the input provide this immunity. 


Where Latching relays are employed, they also serve as a nonvolatile memory. 
When used on primary outputs, or aS instrumentation monitors on puiséd out~ 


puts, they enable command states to be retained during power-off periods. 


Bue to the relays aid pulse circuits, the power consumption of the CP from 
the unregulated supply (24.5 vde nominal) and from the instrumentation sup- 
plies (+5/f15 vdc) is extremely low. The unit draws less than 1 ma during 
quiescent periods. and less ‘than 750 ma in a maximum of 100 msec surges 


from the unregulated supply, and typically 10 ma and 5 ma from the 215-and 


+5-volt supplies respectively. 


9.8.2.2 CP Standard Circuits. The CP contains several standard circuit 
designs, each of which is used for many different command functions. The 
descriptions for individual command functions following this section gen- 
erally include only logic diagrams, and refer to the standard circuit 

type(s} as appropriate, The function CP A/B SELECT refers to the selection 

of tedundant circuitry to process certain commands. Not all circuits with- 

in the CP are provided with this capability. However, completely redundant, but 


non-selectable circuitry is provided for all redundant PPS/DP EAC subsystems. 


9.8.2.2.1 Command Input Diode "ORY Gate. The command input diode OR gate 
(Figure 3,.9-15) is used to combine commands performing a single function 
but coving from different sources, and provides diodé decoupling between 


incoming commands from the 8cCS, 
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Figure 3.9-15. Command Input Diode OR Gate 


utput 





9,8.2.2,.2 Latching Relays. The latching relays contain two sets of contacts 
which operate together and can be set to either of two states by providing a 
pulse to the appropriate actuating coil. The logic representation of a latch- 
ing relay is not direct. A set/reset flip-flop represents the relay state, 
with a high output indicating which direction the relay is commanded. The con- 
tacts are used as switches, and are represented by logical AND gates where 


appropriate (see Figure 3.9-16), 


Input 1 
! LOGIC SYMBOL: 
| 7 Input 1 
Return 
aii Input 2 





Input 2 a 


Figure 3,9-16. Latching Relay Logic Representation 


As an example, the following circuit (Figure 3.9-17) is used as an ON/OFF con- 


trol, connecting the output and return as commanded: 
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Figure 3.9-17. Latching Relay ON/OFF Control Circuit Logic Representation 


Some simplification occurs in the function logic diagrams in the area of in- 


Strumentation outputs, but there is no misrepresentation of the manner in 


which the function operates, 


9,.8.2.2.3 Optical Isolator and CP Output Pulse Cirewit. The optical isolator 
Circuit is used to handle large relay loads within the CP, or to provide a 

shaped output pulse to the PM and C. Referring to Figure 3.9-18, the input diodes 
provide ECS/MCS decoder isolation and protect the photodiode in Ul from re- 

verse bias, Resistor Rl is a ballast resistor which limits current to the 
photodiode. The zener diode (D2) provides naise immunity, Ul is an optically 
coupled isolator. Upon receipt of a command pulse, the current through the 


photodiode causes it to emit light, which turns on the phototransistor. The 
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phototransistor drives the final stage, Q1, which provides the output pulse in 
response to the input command pulse. The RC network formed by Cl and R2 is a 
rise time control network for Ql and is used to shape the output pulse to meet 


EMI control requirements. 






R1 D2 
24.5 
Command volts 
Input 
QL 
Command 
Output 
Return mep 
Return 


Figure 3.9-18. Basic Optical Isolator and Pulse Circuit 


9.8,2.2.4 Instrumentation Circuit. Command receipt is monitored by a latch- 
ing relay which feeds 5-volt instrumentation power to one input of a 4-bit 
digital-to- analog (D/A) converter through an isolation resistor. The con- 
verter (Figure 3.9-19) employs a 4-bit switched ladder to generate a 16-level 
analog output that can be used to indicate the state of each of 4 unique 
command inputs. The output voltage levels, shown in Table 3.9-3, and -the 
output impedance characteristics of the device are compatible with the input 


requirements of the digital telemetry unit, and are not processed further. 
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Figure 3.9-19. Instrumentation Digital-to-Analog Converter 


§9.8.2.2.5 Basic Processing Circuits. Figure 3.9-20 through 3.9-22 represent 
the three most basic circuit designs used for processing. The commands. from 
ECS decoders A and B are not shown for the CP SELECT inputs since these com- 
mands are coupled through optical isolator circuits and control several relays. 
All commands from ECS decoders A and B, and from the MCS decoder, are diode 


decoupled. 
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TABLE 3,9-3 
INSTRUMENTATION VOLTAGE LEVELS 











State of Command Switches* _ Nominal 
Instrumentation Point 
Bit 4 Bit 3 Bit 2 Bit 1 Voltage Level 
(MSB) (LSB) 
0 0 4) 0 0.25 
0 0 0 1 Reap 
7 9 1 0 0.85 
Q 9 1 H 1,15 
0 1 0 0 1.45 
0 1 0 1 Leis 
0 1 1 0 2,05 
0 i 1 1 2,35 
1 0 0 0 2.65 
1 0 0 } 2.95 
1 0 1 0 3,25 
1 9 i 1 5555 
1 i 0 0 3.85 
i 1 0 1 4.15 
1 1 1 0 4.45 
1 1 1 1 4.75 


* "1" represents switch closed (command received). 


3.9-+35 
Handle via BYEMAN 
T . . ECRET G £ fontral System Onl y 


Approved for Release: 2017/02/14 C05097359 


Approved for Release: 2017/02/14 C05097359 


G 





BI F-008- W-C-019842-RI-80 





"y') COMMANDS 


DECODER. A OUTPUT A 


f c RETURN A 


v 

OUTPUT B 
, RETURN B 
4 

TO D/A 

"9" COMMANDS CONVERTER 
DECODER: A 
+5yde 


DECODER B ——PR 


DECODER B 





ECS 
RETURN 


NOTE: Commands may also be coupled through 
optical isolators, in which case the 
return line will be the 24.5v power 
return, 


Figure 3,9-20, Fully Redundant Processing and Outputs, Cross- 
strapped. Inputs 
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NOTE: Commands may also be coupled through 
optical isolators, in which case the 
return will be the 24.5v power return. 
The basic logic remains unchanged. 








Figure 3.9-21, Basic CP A/B Mode Switch Circuit 
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Figure 3,9-22, Basic Servo Mode Switch Circuit (> 
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9.8.2.3 CP Functional Circuit Description. All processing circuits can be 
Operated by commands from ECS decoder A or decoder B. A limited number of 
functions can also be controlled by commands from the MCS decoder. Instru- 
mentation is provided te monitor the receipt of commands for all functions. 
No monitoring of outputs to the PM and C is provided, The 4-digit function 
codes on the circuit logic diagrams which follow are assigned by BIF-008, 
and are used in the 9 x 5 Interconnection Diagram (1418-235) to trace power 
and signal lines through the PPS/pP EAC cabling. 


9.8.2.3.1 CP A-select, CP 8B Select. The CP select circuit. (Figure 3.9=23) 
provides a pulsed output within the CP to select the desired channel of re- 
dundant crab and stereo servo command processing circuitry. The pulse also 
controls a latching relay which steers unregulated power (24.5v) to the de- 
sired channel of redundant processing circuitry for 9 and 5 operational power 


control, 


9.8.2.3.2 9 and 5 Operational Power ON/OFF. Both the 9 and 5 operational 
power commands (Figure 3.9-24) are processed identically. The following des- 


cription. applies to either. 


Redundant sides or channels (A and B) are provided in the CP for processing 

OP commands. Channel selection is controlled by the CP A/B SELECT circuitry, 
which directs 24.5v power to either channel A or channel B of the OP command 
circuitry. Optical isolators/drivers in the selected channel send pulse out- 
puts to the PM and C to turn operational power on or off. Redundancy is preserv- 
ed in the PM and C through the use of separate switches for the A and B signals. 
The power outputs are paralleled and fed to the associated frequency phase 

lock loop electronics (FPLLE) and film handling subsystem control electronics 
(the film handling electronics for 5 OP, and the film control electronics 

for 9 OP). Additional logic in the PM and C also supplies power to the mirror 
servos (steréo and crab) when either 9 OP or 5 OP is on (reference Part 3, 


Section 7). 
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Figure 3.9-23. CP A Select/CP B Select 
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Figure 3.9-24, 9 and 5 Operational Power ON/OFF 





agai Handie via BYEMAN 
SECRET _¢ Control System Only 


Approved for Release: 2017/02/14 C05097359 








Approved for Release: 2017/02/14 C05097359 


SECRET _G_ 


Bi F-008-.W-C-019842-RI-80 


Within the CP, 9 OP ON from either channel will reset the 9 SRC, data tracks, 
and I/F marker disable relay, and 5 OP ON will reset the 5 SRC, data tracks, 
and I/F marker disable relay. The respective functions will then operate in 


conjunction with the associated camera (film drive) ON/OFF commands. 


The operational power control logic is such that switching "sides" of the CP 
while operational power is on will result in incorrect instrumentation out- 
puts when the operational power is commanded OFF, since only the instrumenta- 
tion relay in that channel will be reset. In addition, the wiring of logic 
within the PM and € will result in operational power being turned off if OP 

ON is commanded through one side while the operational power switch is on in 
the other. Power will then turn on when one switch is commanded OFF. This re- 
verse commanding will continue until the logic is reset to its proper state 

by a corrective command sequence (for a clarification of PM and C logic, refer 
to Part 3, Section 7). 


Other commands controlling operational power as part of their function include: 


(1) 9 AND 5 RUNOUT ON (MCS) which turns both 9 and 5 OP on 
(2) 9 OFF (MCS) which turns 9 OP off 
(3) 5 OFF (MCS) which turns 5 OP off 


(4) 9/5 OFF (MCS) which turns both 9 OP and 5 OP off 


9.8.2.3.3 9/5 Camera ON/OFF. Processing circuitry for the 9 and 5 camera ON/OFF 
functions (film drive ON/OFF) is identical (see Figure 3.9-25). Separate circuits 
are provided for FPLLE side A and FPLLE side B. Selection of the redundant 

sides is similar to that shown in Figure 3.9-21. The mode relays are operated by 
the FPLLE A SELECT and FPLLE B SELECT commands. Additional logic is provided 


such that selection of side A automatically turns side B OFF, 
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Other comands which operaté the film drives are: 


1) 9 AND § RUNOUT ON which tarns on buth the 9 and & fiir 
‘drives, selects "1" for the two most significant film- 
drive speed bits, selects the normal speed range for 
‘both the 9 and S FPPLLE's, anc turns on both GS -and 5 
operational power. 


(2) 9 OFF (MCS) which turns off thé 9 film drive ( FPLLE), 
and inhibits the 9 SRC, data track, and I/F marker 
functions, turns off 9 operational power, and turns 
oil the. focus sensor electronics and S1-PRG power. 

{3) 5 OFF (MCS) which turns off the 5 film drive (5 FPLLE), 
and inhibits thé & SRC, data track, and 1/F marker 
functions, turns. off S$ operational power, and turns of f 
the focus. sensor electronics and S1-PRG power. 

(4) 9/5 OFF (MCS) which turns off both @ and 5 film drives 
(9 and 5 FPLLE's)., and inhibits both 9 and $ SRC, data 
track, ‘and I/F marker funetions, turns off both 9 and 

5 operatianal pewer, and turns off the focus sensor 
@lectronics and SI-PRG power. 

(3) 13¥ WORD implicit bit which turns off both the 9 and 
§ film drives (9 and 5 FPRLLE's), and inhibits the 9 
and 5 GRC, data track, and I/F marker funetions. The 
13¥ WORD implicit bit also causes execution of the 
stereo angle stored by the last 14¥ WORD command 
provided 9 or 5 operational power is Gh. 


Film drive can alse be stepped by operation of the camera auromatic off (CAQ) circuit 

iu the CP. The CAQ <itcuits titn. off either the 9 or 5 film drives after two supply 
@ loopers of film drive have executed, and if no CAMERA OFF command is received. 

See section 9.8.2.3,235 for a description of operation of the camera automatic of f 


circuits. 


& 9.8,2.3.4 9 and 5 Camera Operations Counters. The 9 and ‘5 operations counters 

(Figure 3. 9-26} function identically. Each circuit consists of 6 relays inter- 
connected to form @ 3-bit, singly~enabled, clocked counter. A camera (film drive) 

ON ‘command enables the counter, and a camera OFE command clocks it. The counter 


reséts to the zero State Gn every eighth ON/OFF command pair. Neither miitipie 
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Figure 3.9-26. 9 and S Camera Operations Counters 
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for the counter to increment. 


The relay outputs are fed to the three most significant input bits of a standard 
digital-to-analog instrumentation converter (Figure 3.9-19). Thus, the output 
occurs in 8 discrete steps ranging from 0.25 volt to 4.45 volts in 0.6-volt 


inerements. 


9.8.2.3.5 9 and 5 Film-Drive Speed Bits 1-10 and SRC Bits. The film-drive speed 
bit relays function by connecting the bit output to the common return from the 
associated FPLLE side for the logic 1 state, or opening the circuit for the logic 
Q state. Only one film-drive speed may be stored in the CP at a time. Separate 
relays are provided for the A and B sides of the FPLLE's. One relay contains 
individual contacts for 9 FPLLE side A and 5 FPLLE side A, and the second relay 
has individual contacts for side B of the 9 and 5 FPLLE's. A third relay is used 


for instrumentation monitoring. 


FDS bits 1 (MSB) through 4 also produce SRC bits 1 (MSB) through 4 (LSB) in a 
similar fashion, connecting the output to common or leaving it open in the low 
altitude mode, In the high-altitude mode, all four SRC bits are commanded to open 
the common line; resulting in a fixed SRC position when in the high altitude mode 
(Figure 3.9-27). The 9 subsystem SRC bits are wired to the unused set of contacts 
on the instrumentation relay, and an additional relay is supplied for the 5 


subsystem SRC bits. 


FDS bits 1 and 2 have one other controlling command, 9 AND 5 RUNOUT ON, which when 
executed, sets the two most Significant film-drive speed (FDS) bits to the logie 1 


state, 


Figures 3.9-28 through 3.9-30 represent the FDS bit logic. Bits 1 and 2 are 


identical, bits 3 and 4 are identical, and bits 5 through 10 are identical. 


9.8.2.3.6 Film-Drive Speed Range High/Normal. The film-drive speed range is 


selected in the same manner as the film-drive speed bits are controlled. The 
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Figure 3.9-27. SRC Command Common Line 
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Figure 3.9-28, FDS and SRC Bits 1 and 2 
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Figure 3.9-29, FDS and SRC Bits 3 and 4 
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TOP SeCKET 


output is connected to the common return from the associated FPLLE side for the 


BiF-O008- W-C-019842-RI-80 





high-speed range, and is left open for the low-speed range (see Figure 3.9-31). 


Separate contacts are provided for each side of each FPLLE, However, the relays 
cannot be individually controlied, Both FPLLE's (9 and 5} will be in the high-speed 
range or the normal range; the 9 FPLLE cannot be in the high-speed range while the 

& FPLLE is in the normal range, or the 9 FPLLE in the normal range while the 5 FPLLE 


is in the high range. 


The two film drive speed ranges are altered by the HIGH ALTITUDE SELECT and LOW 
ALTITUDE SELECT commands. When in the high-altitude mode, the normal and high-speed 
ranges are one-fourth the speeds obtained when in the low-altitude mode. The CP 
provides commands to the 9 and S FPLLEs in the form of switch closures to change 

film drive speeds to the required high-altitude/low-altitude ranges (see Figure 
3.9-48). 


9.8.2.3,7 Nominal Platen Adjust Enable/Inhibit and Mode Select. Both the 9 and 

5 subsystem commands are processed identically. The output (A for the prime mode, 
B for the backup mode) is connected to its associated return wire when the platen 
adjust is enabled (Figure 3.9-32). The mode selection relay, prime or backup, is 
controlled by command, and selects output A or B (see Figure 3.9-21 for typical 


selection circuit schematic). 


9.8.2.3.8 Nominal Platen Adjust Drive (Plus/Minus/Stop). The NPA drive logic 
shown in Figure 3.9-33 accepts stored program commands. The plus direction and 
minus direction circuits follow the basic concept of Figure 3.9-20. The '1" 


commands are analogous to direction commands, the "0" commands to stop commands. 


Signals used by the NPA primary mode circuitry in the camera electronics assembly 
(CEA) are simple relay closings, connecting the output wire to common. When operat- 
ing in the primary mode, stored program commands can be used, however, since the NPA 


backup mode requires a pulse input, it can only be controlied by real-time commands. 
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Figure 3.9-31. Film-Drive Speed Range High/Normal 
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Figure 3.9-32. Nominal Platen Adjust Enable/Inhibit and Mode Select 
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9.8.2.3.9 9 and 5 SRC Enable/Inhibit/Disable. Two latching relays with 
contacts in series comprise the circuit for each subsystem {9 and 5). Both 
relays must be set for the SRC to be enabled (see Figure 3.9-34}). One relay 
(the enable/inhibit relay) is set by the firm drive ON command and reset by 
the film drive OFF command.* The second relay is reset (opened) by the SRC 
DISABLE command, to prevent SRC operation with film drive ON/OFF commands, and 


is set by the operational power ON command. 


Within the CEA unit, the data track and interframe marker circuits are powered 
through the SRC power switch. Therefore, these functions will be lost whenever 


the SRC is inhibited or disabled. 


9.8.2.3.10 9 and 5 Slit Enable/Inhibit/Select. The 9 and 5 commands are 
processed identically as shown in Figure 3.9-35. Separate outputs are provided 
for each side of the redundant variable exposure mechanism control electronics 

in the associated CEA. Selection circuitry follows the basic concept illustrated 
in Figure 3.9-21. The 14V WORD implicit bit which turns off both the 9 and 5 . 


slit drives, also inhibits both the 9 and 5 take-ups. 


9.8.2.3.11 9 and 5S Slit Bits 1-4. The 9 and 5 slit bit logic circuits shown 

in Figures 3.9-36 and 3.9-37, respectively, are identical. Separate outputs 

are provided following the circuit concept of Figure 3.9-20 for each side (A & B) 
of the variable exposure mechanism control circuit in each camera electronics 


assembly. 


9.8.2,3.12 9/5 Take-Up Enable/Inhibit. The 9 and 5 take-up drives are enabled 
and inhibited together. The inhibit is controlled by the implicit bit of the 
ECS 14V WORD, which inhibits the drives each time a 14V WORD is executed. The 


enable is controlled by normal stored program commands. 





*9 AND 5 RUNOUT ON will net enable the 9 and 5 SRC circuits. 
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Figure 3.9-34. SRC, Data Tracks, and I/F Marker Enable/Inhibit/Disable 
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Figure 3.9-35. 9 and 5 Slit Drive Enable/Inhibit/Select 
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Figure 3.9-36: 9 Slit Bits 1-4 
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Figure 3.9-37. 5 Slit Bits 1-4 
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Separate outputs are provided for the 9 and 5 take-ups as shown in Figure 


3,9-38, The inhibit override in each subsystem for Lodper-full or low-ternsion 
conditions is located in the film subsystem control unit (film handling elec- 





tronics (5), film control electronics (9)). For additional detail on these 


units, refer to Part 3, Section 2. 





9.8,2.3.15 Heater Power On/Off. Processing circuitry is the same for all 


Optical isolator/driver circuits provide pulsed outputs to the PM and € which 
turn the given heater circuit power on or off. The output pulse also operates 


a latching relay within the CP for instrumentation. 


Beth ECS and MCS commands are available to control the heaters, Redundant FCS 
commands switch all heater branches on, including EPSM 1 and EPSM 2, and also 
turn the 5 parking brake power on. ‘Separate ECS commands are used to switch 


each branch of f individually. Three bits of the MCS variable command M6V002YZ 





control the on/off state of certain branches. Bit 35 controls branches 1, 2, 
4, 5, 6 and the 5 parking brake power. Bits 36 and 37 control EPSM 1 and BPSM 2 


respectively. 


9.8,2,3.14 5 Parking Brake On/Off. The 5 parking brake circuit is identical to 
the circuits used to operate the heater branches. An optical isolator/driver 
provides a pulsed output to the PM and ( to switch the 5 parking brake power on 
or off (see Figure 3.9-40). A Tatching relay in the CP is alse controlled by 


this pulse, and is used to generate the command receipt instrumentation signal . 





Lockout circuitry for the 5 parking brake is located in the 4 supply assembly. 
The 5 operational power actuates a non latching relay in the supply which dis- 


ables the parking brake (refer t6 the 5 film handling subsystem logic diagram 





in Part 3, Seccion 2}. Onee actuated, the relay is not released until beth 
» OF and 5 parking brake power are off. 
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9.8.2.3,15 Crab Angle Bits. The four crab angle bits and the crab polarity 
bit are processed as shown in Figure 3,9-41. The logic 1 input commands for 
each bit and the crab polarity plus input commands are cross strapped ex- 
ternal to the CP to facilitate testing of redundancy. Within the CP, redun- 
dant channels are provided for each bit and the outputs logically combined, 
Channel selection is determined by the CP SELECT commands according to the 


basic servo mode switch circuit concept illustrated in Figure 3,9-22. 


The circuits for crab angle bits 1 through 4 operate by connecting either the 
logic 1 feed or logic 0 feed to the bit common, The crab polarity circuit 
operates similarly. However, the polarity common line is powered by a +4,7- 
volt supply in the crab servo, and, in addition to controlling the polarity 
state, resets the servo overload relay whenever the polarity is switched 


(reference Part 3, Section 4). 


9.8.2.3,16 Stereo Servo Store/Execute Bits 1 and 2. Stereo angle command 
bits from the 14V WORD are stored in the CP in parallel redundant relays 
(Figure 3.9-42). Upon execution of the 13V WORD implicit bit (9/5 cameras 
OFF, SRC inhibit, stereo execute), pulses are generated within the CP 

which pass through the contacts of the "store" relays and into the “execute! 
relays (the standard servo mode switch circuit of Figure 3.9-22), to trans- 


fer the 14V WORD command bit information. 


The selection relay in the execute section is controlled by the CP A SELECT/CP 
B SELECT commands, The +4,7-volt level on the stereo angle bit 1 common 
lead is generated in the stereo servo, Switching bit 1 will reset the over-~ 


load relay in the servo if it has been tripped (reference Part 3, Section 4). 


9,8.2.3.17 Viewport Door OPEN/CLOSE, The viewport door OPEN/CLOSE commands 
are the only non pyrotechnic related commands which are not processed in the 


CP, The command pulses pass through the CP and operate latching relays in 
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Figure 3.9-42, Stereo Angle Store/Execute 
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the viewport door ebectronics unit (reference Fart 3, Section 5). 


To prevent feedback. to the ECS/MCS, the commands are diode decoupled in the CP. 





The commands alse operate a single latching relay in the CF to monitor the re- 


eéipt of command pulses for telemetry (see Figure 3,9-43). 


9.8.2,3.18 BTU 1 and 2 ON/OFF. Separate aptical isolator/driver circuits in 





the CP provide pulsed outputs to the PM and C to ttern DTU 2 on or off and DTU 2 
‘on or off. Logic within the PM and C also turns on the instrumentation power 
supplies whenever either DTU is on. Should both DIU'’s be commanded ON, the 

PM and C logic will ttrn both OFF, Power for one will then‘turn on when the 
opposite ¥s turned off. This behavior will continue until both are commanded 
OFF to restore normal operation. For a logic diagram of the PM and C circuit, 


refer to Part 3, Section 7. 


As seen in Figure 3.9-44, an wmbilical command is also pravided te turn both 





BFU'S off. This is the only umbilical command which enters the CP. 


9.8.2,.3.19 Focus Eleetronics Power ON/OFF, The optical isolator/driver cir- 
cuits shown in Figure 3.9-45 previde pulsed outputs to the PM and © focus slec- 
‘tronics and Si-PRG power switches. Fecus electronics and S1-PRG power are 
turned of f by the MCS commands 9 OFF, 5 OFF, and 9/5 OFF which also halt the 


9/5 film drives and turn off 9 and 5 Gperational power. 


9.8.2.3,20 Focus Calibrate. The focus calibrate logic is shown in Figure 3.9~46. 3 


The command input pulses operate latching relays which control the foctis cal- 





ibrate levels in the focus detection subsystem by connecting or disconnecting 
the output and return lines, Output bit 1 (instrumentation bit A) controls the 
Cal Signal frequency, and bit 2 (instrumentation bit B) contfrols the amplitude. @ 





Instrumentation bit A is an exception to the general CP design in that it will 
be in a logic 1 state when the bit 1 output and return are not connected and 


logic 0 when the two are connected. 
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IMP 5035 BIT 2 
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/ 
4108 DOOR CLOSE 
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(MNO0127) —————/ 


4620 VIEWPORT DOOR CLOSE 
Figure 3.9-43. Viewport Door Open/Close 
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Figure 3.9-44, DTU 1 and 2 ON/OFF 
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Figure 3.9-45. Focus Electronics Power ON/OFF 
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Figure 3.9-46. Focus Calibrate 
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The optical isolators/drivers are employed in a simple decode circuit to turn focus 
calibrate power off (and also S1-PRG calibrate off) when both focus calibrate bits 


are logic zeroes, and to turn focus calibrate power on in all other cases, 


EAC design changes created a third focus calibrate bit; however, the CP was not 
modified to provide this command. The CALIBRATION BIT 3 command to the focus sensor 
is obtained from the second set of relay contacts of the 9 data track switching 
relay in the camera. The 9 data track relay is operated by the HIGH ALTITUDE/ 

LOW ALTITUDE SELECT commands. 


9.8.2.3.21 S1-PRG Calibrate/Disable. S1-PRG power is turned on in the PM and C in 
conjunction with the focus electronics power (reference Part 3, Section 7). Power 
is turned off with FOCUS ELECTRONICS POWER OFF or by S1-PRG DISABLE, which turns 
off only the S1~PRG power. 


S1-PRG CALIBRATE sets a latching relay for calibration which is reset by the focus 
calibrate power off output pulse. A second relay operated in parallel provides 


the instrumentation signal (see Figure 3.9-47). 


9.8.2.3.22 Select High/Low Altitude. This command configures the PPS/DP EAC for 
either high-altitude or low-altitude operation. The low-altitude PPS/DP EAC 
configuration is the same as the pre-EAC configuration. When HIGH ALTITUDE SELECT 
is commanded, the following changes take place in the PPS/DP EAC: 


(a) the FPLL film drives are set to the two high-altitude 
speed ranges. These speed ranges are one-fourth the 
speed of the two low-altitude speed ranges. 


(b} the four SRC position bits for both 9 and 5 are set 
to the step 1 command and remain set in step 1 until 
the LOW ALTITUDE SELECT command is received. 


(c} ‘the two data track LEDs are changed to two other LEDs 
which provide smaller data track marks on the film. 


(d) the bandpass center frequency of the focus sensor 
electronics is changed from 1990 Hz to 830 Hz. 
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Figure 3.9-47. S1-PRG Calibrate/Disable 
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(e}) the two focus sensor calibrate signals are changed 
from 1000 Hz and 1600 Hz to 300 Hz and 850 Hz. 
The Select-High/Low-Altitude commands are processed by relays and command driver 


circuits within the CP to provide the following functions: 


(1} open or close the SRC 9 and 5 bits 1 - 4 common 
lines to the 9 and 5 DREAS. The SRC bits 1 - 4 common 
lines are opened or closed by relay contacts in the 
CP to provide the proper commands to the 9 and 5 DREAs. 


(2) set or reset relays in the 9 and 5 FPLLEs which switch 
film drive speed ranges. Command driver circuits in 
the CP generate commands to the FPLLEs. 


(3) set or reset relays in the 9 x 5 camera which switch 
data lamps and provide a focus sensor calibration bit 
3 command. Command driver circuits in the CP 
generate commands to the camera relays. 


(4) set or reset relays in the focus sensor which change the 
pass frequencies of bandpass filters in the focus sensor. 
Command driver circuits in the CP generate commands 
to the focus sensor relays. 


(5) indicate command status by switching +5 vde to the D/A 
converter for IMP 5379. 


The logic diagrams describing the Select High/Low Altitude Commands are shown in 


Figures 3,.9-48 and 3.9-49. 


9.8.2.3.23 Camera Automatic OFF Enable/Disable. The 9 and 5 camera automatic 

off circuits (Figure 3.9-50) function identically. Each circuit consists of three 
relays and associated circuitry which provide a FILM DRIVE OFF command to the 
FPLLE if the normal CAMERA OFF command is not received. Inputs to the circuit 
which are processed by the CAMERA AUTOMATIC OFF (CAO) logic circuitry are: 


(a} CAMERA ON command 


(b) CAO ENABLE command 
fc} CAO DISABLE command 
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Figure 3.9-48. High/Low Altitude Select FPLL Altitude 
Range and Focus Normal/Modify 
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Figure 3.9-49. High/Low Altitude Select SRC 
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Figure 3.9-50. Camera Automatic Off Logic Diagram 
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(d} Supply Looper Full signal, and 
(e) Supply Looper Empty signal 


The last two signals are provided by encoder switch closures in the film handling 
system. The sequence of operations which will result in the CAO circuit commanding 


the film drive off is as follows (see Figure 3.9-50): 


(1) film drive is initiated by a CAMERA ON (C+) command. 
This command also resets CAO relays Kl and K2. 


(2) if no CAMERA OFF (C-) command is received the supply 
looper empty encoder switch will close, initiating 
a take-up cycle of the film handling system. This 
Signal will not change the state of the CAO logic 
since relay Kl is still reset. 


(3) operation of the film handling system will cause the 
supply looper full (SLF) encoder switch to close, termin- 
ating the take-up cycle. This signal also sets CAO relay 
Kl, resulting in a change in state of the CAO logic. 


(4) if no C- command is received, the supply looper empty 
(SLE) encoder switch will close again. If no C+ command 
has been received since Kl was set (in step 3 above), the 
SLE signal, with Kl in the set state, will cause relay 
K2 to be set. This generates the CAMERA AUTOMATIC OFF 
command if the CAO circuit is enabled. 








(5) normal operation of the film drive system returns with 
the next C+ command, since the C+ command resets both 
relays Kl and K2. 


It should be noted that the 9 AND 5 RUNOUT ON command (MP00046) disables the CAQ 


circuits, permitting proper operation of the runout function. 
9.9 Command Processor Instrumentation 


All instrumentation in the CP makes use of the standard circuit illustrated in 
Figure 3.9-19. Each point accepts up to four discrete inputs and produces a single 
multi-level output which represents the state of each input. A summary of the 


command processor instrumentation points is presented in Table 3.9-4. 


3.9-85 Handle via BYEMAN 
: CRET _G Control System Only 


Approved for Release: 2017/02/14 C05097359 


TOP MECRET | 


“Approved for Release: 2017/02/14 CQ5097359 BI F~008~ W-C~- 019842~ ‘RI«80 


TABLE 3,9-4 
COMMAND PROCESSOR TNSTRUMENTATION 


TMP Title Description Power 


5000 9 Siit Bits 1,2,3,4 Latching relays tracking the command input relays of +S/418 vde 
the command processor monitor the receipt of commands 
from the satellite control section and feed either O.0v 
or 5.0y fo an integrated circuit D/A converter. Four 
relays and one 4-bit B/A coliverter form the IMP. Out- 
put occurs in sixteen discvete steps ranging from 0. 25v 
to 4.75v in 0.3y increments: 
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TABLE 3.9-4 (CONT'D) 


Description 





Similar to IMP 5000: 


Bit 1 (LSB) = PCM 1 ON/OFF 

Bit 2 = PCM 2 ON/OFF 

Bit 3 = FDS Bit 9 

Bit 4 (MSB) = FDS Bit 10 (LSB) 


Similar to IMP 5000; the output ranges from 0.25v to 
1.15v and from 2.65v to 3.55v in 0.3v increments 


Bit 1 (LSB) = 5 NPA Prime/BU 

Bit 2 = 9 NPA Prime/BU 

Bit 3 = No Connection 

Bit 4 (MSB) = T/U Enable/Inhibit 


Similar to IMP 5000: 


Bit 1 (LSB) = Stereo Drive Transfer Bit 1 (14V WORD 
Bit 27) (MSB) 

Bit 2 Stereo Drive Transfer Bit 2 (14V WORD 

Bit 28) (LSB) 

Viewport Door Open/Close 

Crab Polarity +/- (13V WORD Bit 31) 


ta 


Bit 
Bit 4 (MSB)} 


nm oft 


*PCM (pulse code modulation} is an unclassified term 


for digital telemetry unit. 
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TABLE 3.9-4 (CONT'D) 


“IMP Title 


3036 9 OPS Counter Bits 1,2,3 Similar to IMP 5000; a counter circuit. feeding the D/A 45/215 vide 
Spare converter increments at each 9 film drive OFF command 
that has been preceded by a 9 film-drive ON command 
{14¥ WORD) : 


Description Power 





Bit l “No Connection 

BEt 2 G OPS Counter Bat 1 

‘Bat 3 = 9 OPS Counter Bit 2 

Bit 4 (MSB} 9 OPS Counrer Bit 3 
The circait is a binary counter running from 0 to 7, resett- 
ing to Oat the next pulse, and continuing. The IMP output 
‘yanges. from 0.2$y to 4,457 in 0.6v increments. 


(LSB) 


HOR 


# 


5037 5 OPS Counter Bits 1,2,3, Similar to IMP 5036; counts the number of 5 film drive. +5/415 vde 
Spare ON/OFF comtharid pairs: 


O6-6'¢ 


Bit 1 (LSB) = No Connection 

Bit 2 = & OPS Counter Bit 1 
Bit 3 = § OPS Counter Bit 2 
Bit 4 (4SB) = 5 OPS Counter Bit 3 


SO4G Stereo Bit 1 Stéred, Similar to EMP 5000: 45/215 vde 
Stereo Bit 2? Stored, 
CP Select A/#, Bit 1 {LSB} Stereo Bit 1 Stored (14V WORD Bit 27) (MSB) 
FPLLE Speed Range Bit 2 = Stereo Bit 2 Stored (14V WORD Bit 28) (LSB) 
High/Norma Bit 3 = CP Select A/B 
Bit 4 (MSB) = EPLLE Speed Range High/Normal 


re 


“SOAF Data Tracks and SRC, Similar toa IMP 5000; a5/215 vide 
9 Enable/Inhibit : 
‘Enable/Disable,. Bit 1 (LSB) = 9 Enable /Inhibit 
‘Enable/Inhibat, Bit 2 = 9 Enable/Disable 
Enable/Disable ‘Bit 3 x § Enabie/Inhibit 
Bit 4 (MSB) = § Enable/Disable 


ean 
Fed 


Fa 


ce 
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Title Description Power 
9 CAMERA AUTOMATIC OFF OFF/NORMAL, >) 
5 CAMERA AUTOMATIC OFF OFE/NORMAL, | oi nsyar to 
CAMERA AUTOMATIC OFF ENABLE/DISABLE,| Jyp sooo +S /t18 vde 
ALTITUDE SELECT HI/LOW : 7 


9 Camera Auto OFF/Normal Bit 1 (LSB) = 9 Camera Auto OFF/Normal 
§ Camera Auto OFF/Normal Bit 2 = § Camera Auto OFF/Normal 
Camera Auto OFF Enable/Disable Bit 3 = Camera Auto OFF Enable/Disable 
Select High/Low Altitude Bit 4 (MSB) = Select High/Low Altitude 
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10,0 INSTRUMENTATION AND TELEMETRY 


Instrumentation sensors throughout the vehicle monitor photographic payload 
section/dual platen extended altitude capability (PPS/DP EAC) related functions, 
This information is then processed through the telemetry subsystem and eventually 
transmitted to the ground for analysis. Together, the instrumentation and 
telemetry subsystems form the overall on-orbit monitoring system of the PPS/DP 
EAC, and for some portions of this section, will be treated collectively rather 


than described individually. 


Components of the instrumentation subsystem include the instrumentation 
sensors, the instrumentation power supplies, and the instrumentation 
processor (IP). The telemetry subsystem includes slave DTU's* 1 and 2, 
master DTU's A and B, tape recorders 1 and 2, the transmitters, and two 
additional slave DTU's for the satellite control section (SCS). Of these, 
only slave DTU's 1 and 2 are contained within the PPS/DP EAC. All other com- 
ponents of the telemetry subsystem are located in the SCS. An additional 
slave DTU, the RECAL** unit, which is used only for testing, is connected 


external to the PPS/DP EAC, and is removed prior to launch. 


Figures 3.10-1 and 3.10-2 describe the telemetry and instrumentation sub- 
systems for the satellite. Note that the major portion of Figure 3.10-1 
illustrates components of the telemetry subsystem which are not the re- 
sponsibility of BIF-008. It is presented here for informational purposes 


only. The output connectors on Figure 3.10-2 labeled test point (TSP) 


* Digital Telemetry Unit 
**Remote Electrical Checkout Via Air Link 
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and umbilical monitoring point (BIL) allow hardline monitering of most in- 
strumentation points rather than analyzing the digitized output from the 
DTU. These points are used during testing beth at BIF-008 Facilities and 





at the launch pad, 


10.1 Instrumentation 





Within the PPS/DP BAC, the design of all instrumentation attempts to isolate 
the sensors from the functions they monitor. No single point failure mode 
exists in the instrumentation subsystem that would affect the operation of 
the vehicle. As an additional benefit, this isolation, through the use of 
‘Separate power supplies for instrumeritation, and a separate instrumentation 


unipoint ground in the IP, reduces electrical noise in the data signals. 


The placement of Sensors in the PPS/DP EAC follows the general guideline of 


providing maxinum data return for day-to-day monitoring, and for failure 





analysis. In addition to tracking the operation of the various subsystems, 
wonitoring power drain, rates of movement, etc., several points have been 
assigned to monitor such PPS/SCS electrical interface requirements 


as power Levels and command receipt. 


Atl functions defined as critical have redundant instrumentation sensors 
assoéiated with them. This not ohly achieves greater systém reliability, 
but also provides an additional measure of confidence in the data received. 


Where possible, redundant points are powered from separate supplies (+5 ar 





+15 volts) to prevent the failure of one supply from eliminating the mon- 


itoring of a critical function. 


10.1.1 Instrumentation Signal Characteristics 





PPS/DP EAC instrumentation consists of both analog and discrete monitors. Ana- 
iog signals are those whose voltages are encoded by the DTU at the level of 
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input. Discrete signals are those included by the DTU as bilevel inputs 
which are either in a high state (high input voltage) or a low state (low 


input voltage). 


The voltage limits and impedance requirements for both analog and discrete 
points are controlled by the input requirements of the slave DTU. All in- 
strumentation monitoring points (IMP's), either upon generation or through 


additional processing in the IP, must meet these Tequirements as listed: 


(1) Analog instrumentation: 


a) Operating range 0 to 5.06 volts 
b) Output resistance 0 to 10 K2 
c} Shunt capacitance less than 2000 pf 


or greater than 0.1 uf 


(2) Discrete instrumentation: 


a) Operating range -4 to +33 volts, as follows: 
Logic 0 -4 to +1 volts 
Logic 1 +3 to +33 volts 

b) Output resistance 50 K2, or less 

c) Shunt capacitance Less than 2000 pf, 


or greater than 0.1 pf 
10.1.2 Test Points (TSP's) and Umbilical Monitoring Points (BIL's) 


Hardline monitoring of most instrumentation points is available at the test 
connectors located on the IP and on the initiator electronics unit (IEU). 
These outputs are in parallel with the IMP outputs to the DTU, and are isolat- 
ed by 27 K2 of series resistance in each line. The hardlines make it possible 
to obtain constant readings of the vehicle sensors, avoiding the restrictions 
of DTU sampling rates and analog-to-digital conversion of the signals. A 
handful of selected points, including one special point measuring the con- 


ditioned air inlet temperature at the launch pad, also have parallel hard- 
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line outputs (BEL's) through a vehicie umbilical connector, and can be 
monitored up to the time of ‘launch. Unlike other BIL points, the ten- 


perature sensor pear the umbilical conditioned air inlet has no carres- 





ponding flight instrumentation output. 


10.2 Instrumentation Processor 


feta see ACE NE mn ney CODEINE a a ree 





The EP provides Conditioning of instrumentation signals as required to meet 
the input requirements of the DTU, and distributes these signals to the DTU, 
and to the EP hardline test. connectors, The IP also generates a limited 
mutber of instrumentation points internally which ‘eet the DTU anput Te- 
‘quirements and are distributed in the same fashion as other IP instrumenta- 
‘tion signals. Not every instrumentation polnt passes through the TP. How- 
éVer, all dnalog instrumentation points Are routed through the IP prior bo 
input to the DTU. For diserete instrumentation, only selected points of 


those initially generated in the IP have hardline TSP outputs in the TP, All 





other disereté instrumentation is routed directly to the DTU, 
LOV2 04 IP Mechanics} 


The IP is illustrated in Figure 3.10-3. The unit is approximately 11 3/4" x 
12" x 64, excluding mounting feet. and weighs just under 15 pounds, Tt is 
located on the -¥ side of the film supply enclosure attached to gails at 
Stations 45.3 and 50.6 (reference Part 3, Section Ij). Components of the IP 


inelud# 27 cireuit béard assemblies, two module assemblies, the patchboard 





assembly, and 18 electrical connectors, 6 of which are internal. The board 
and module assemblies are assigned according to Table 3.10-1, The patch- 
board is a temovable subassembly that provides a flexiblé méans to connect 


additional autput signals, disconnect output signals, or reorder the .ex- 





isting Gutput Signal lines: This is accomplished by removing the patchboard 
and altering the point-to-point wiring between the IP output connectors and 


their associated internal connectors. Output connector J2 is wired {6 inter-~ 
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Figure 3.10-3. Instrumentation Processor 
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TABLE 3:10-1 
IP BOARD AND MODULE ASSEMBLIES 


Deseription 





Each board assembly has twenty four~ 
27 Ki .vesistors which provide iso- 
lation for the test and umbilical 


points. 


Containg cirewits for analog ine 


strumentation points $196, 5198; 
S200, and discrete instrumentation 


points 5$74, S575, 5589, and 5590. 


Contains circuits for analog IMP 's 


5013, 5076, S111, 5235, 5236. 


Contains circuits for analeg IMPs 
S112, $114, 5145, 


Contains buffer agiplifiers for 


analow IMP's 5099, 5116, 5159. 


IP unipeint greund. 


Contains circuits for discrete 
points 5576, 5614. 


Cohtains resistors fer terminating 


the frequency phase lock loop elec- 
tronics {FPLLE) encoder test signals 
and spare capaciters that may be used 
‘in the event of electromagnetic 
interference (EML] problems {none are 


presently used). 


Contaitss the circultry fox process~ 


ing analog point 5375. 


Patchbeoard 


Contains buffer amplifiers for analog 





pointy 5113, 5115, $220, S155. 


310-8 , 
; dangle via BYEMAN 
& €ontrdi System Only 


Approved for Release: 2017/02/14 C05097359 























Approved for Release: 2017/02/14 C05097359 


ECRET _&_ 


BI F-008- W-C-019842-RI-80 


nal connector Pl, J3 to P2, and J4 to P3. 
10,2.2 IP Electrical 


The IP electrical connections consist of the input, output, monitor and 
test signals, power inputs (+5, +15, and 24.5 vdc}, and the instrumentation 


and power return lines. 


The input signals to the IP originate at remote instrumentation transducers 
and circuits on components and assemblies throughout the PPS/DP EAC and are 
routed into the IP through connectors J6, J7, J8, and J9. There are two 
classes of input signals, processed and unprocessed. Processed signals are 
those that have been previously processed outside the IP to conform to the 
IP output signal requirements. Unprocessed signals are those that require 


processing within the IP to conform to the output signal requirements. 


Preprocessed analog signals, analog signals processed in the IP, and analog 


signals generated in the IP have the following output characteristics: 


(1) Amplitude 0 to 5 vde 
(2) Source impedance Resistance <10 KR 
Capacitance . $1700 p£* 


or 270.1 vt 


The output signals pass through the patchboard and are brought out of the IP 
through connectors J2, J3, and J4 which are routed directly to the DTU. 


*This figure is lower than the input capacitance requirement of the DTU (2000 pf) 
to allow for cable capacitance between the IP and the DTU. 


Handle via BYEMAN 
Control System Only 





Approved for Release: 2017/02/14 C05097359 





Approved for Release: 2017/02/14 C05097359 


TQ RET Wo 





The test signals, which consist of partaliel outputs of most instrumentation 
signals, are brought out of the IP through connectors J10, J11, and Ji2. 


These points are isolated from the instrumentation output signals with series 





resistors. The amplitude of the test. gigndls is equal to that of the in- 


strumentation signal. The source impedance is equal to the sum of the 


isolation resistor (27 KG} and the impedance of the instrumentation signal. 





The monitor signals (BIL's) are hardline outputs of selected instrumentation 
points isolated by the same 27 KG resistors used to Isolate the agsociated 
TSP, and broyght out of the IP through connector Ji. One additional BIL 
($010) which has no corresponding instrumentation point is also processed 


through the If, 


Test connectors J10, d11, and J12 carry several additional signals not 
directly associated with instrumentation. Included are encoder signals 


from the 9 and 5. frequency phasé lock loop platen drives and. circuit con- 





tinuity checks used during testing. These signals are representative of 
the test signals and testing provisions within the PPS/DF EAC ‘components that. 
have been incorporated te monitor the performance of hardware during 


various levels of assembly. 


ae vde}, instromentation power (45,215 vde), 


and main power returns through connector J1. Connector J5 carries main 


The IP receives main power (24.5 


power, +l5-vdit ‘instrumentation power, and the main and instrumentation 


power returns for the DTU. 





To control noise on the instrumentation lines, and to isolate instrumentation 
circuits from the functions they monitor, the main power and instrumentation 
‘power réturns are separated. Most instrumentation returns from areas of the 
PPS /DP BAC are electrically connected at a Single point within the IP to form 





the instromentation unipeint grourkd (Pigure 3.10-4) which in turn is con 
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in the power monitor and contral (PM and C) unit. (Reference Part 3, 


Section 7.)* 





10.2,2,1 IP Processing and Generating Circuitry. The majority of analog 
ingstramentation signals are preprocessed before entering the IP and are 


carried through the IP as illustrated in Figure 3.10-5. Of the remaining 





analog points, three are generated in. the IP, and 16 are processed (not 


counting BIL 8010 which has no cerresponding IMP). 


For discrete instrumentation, all points, except those originating in the IF, 
are routed directiy to the DTU In accordance with Figure $.10-6. Unlike 
anaiog points, not all diserete instrumentation points in the IP have corre- 


sponding test outputs, and there are no discrete umbilical outputs. 


Table 3.10-2 presents a listing of the discrete and analog points either 


processed or generated in the IP arid also lists the PPS/DP EAC umbilical mon- 





itors. The circuit désignations on Yable 4.10-2 refer to Figures 3.10-7 
through 3.10-17 which are simplified schematics of the instrumentation and 
uniidical point IP circuitry. 


"10.3 PPS/DP EAC Slave Digital Telemetry Unit 





The PPS/DP EAC slave DTU is a data processing uit that consists of two te- 
dundant halves in a singie assembly. Each half is fully independent except 





for shared instrusientdation input lines. In operation, the DTU irterfaces 
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Figure 3.10-6. Typical Signal Routine for Non-IP Generated Discrete IMP's 
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IP PROCESSED OR GENERATED INSTRUMENTATION AND UMBILICAL POINTS 





TOP-SECRET c_ 

IMP TITLE 

5013 Temperature, Primary Film 
Supply 

5076 Temperature, Secondary Film 
Supply 

5099 Temperature, Stereo Mirror 

5110 Temperature, Corrector, Camera 
Spacer 

$111 Temperature V.P. Door Inside 
Insulation, -¥Y 

5112 Temperature Lens Tube Fwd, Station 
(STA) 175, 279 degrees 

5113 Temperature, Lens Tube Aft, 
STA 244, 5 degrees 

5114 Temperature V.P. Door, Inside 
Insulation, +¥ 

5115 Temperature, Lens Tube Fwd, 
STA 175, 99 degrees 

5120 Temperature, Insulation Inner 


STA 108, 7 degrees 
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TABLE 3,10-2 (CONT'D) 





CIRCUIT 
IMP TITLE TYPE CORRESPONDING BIL (FIGURE NO.) 
5145 Temperature, Primary Mirror. 2 Processed 8008 3.10-9 
(-¥) 
5150 Temperature, Primary Mirror 1 Processed 8001 3.10-8 
(+¥) 
5155 Temperature, Insulation Processed - 3.10-8 
Inner, STA 244, 186 degrees 
5196 +15 vde Supply Generated ~ 3.10~-11 
6s 5198 +5 vde Supply Generated ~ 3.10-12 
° 5200 ~15 vde Supply Generated - 3.10-12 
pot 
7 5235 Temperature, SRV 1 Film T/U Processed : 3.10-7 
Assembly 
5236 Temperature, SRV 2 Film T/U ~ 3.10-7 
Assembly 
5375 Differential Temperature, Stereo 8000 3.10-13 
Mirror Lower 
“ Temperature, Inlet Air 8010 3.10-17 
5574 Spinoff Disconnect 1 7 3,10+14 
5575 Spinoff Disconnect 2 Processed ~ 3,10-14 
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TABLE 3.10-2 (CONT'D) 





CIRCUIT 
IMP TITLE TYPE CORRESPONDING BIL (FIGURE NO.} 
5576 Arm/Continuity, 1 Processed - 3,10-15 
5589 DTU 1 On/Off - 3.10-16 
5590 DTU 2 On/Off - 3.10-16 
5614 Arm/Continuity, 2 Processed - 3.10-15 
ha 
foal 
° 
Dern 
ol 
Handle via BYEMAN 
Control System Only TOP T GC 
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For IMP description locations, 
reference Appendix G. 


Figure 3.10-7. Typical Processing Circuit: IMP's 5013, 5076, 5235, 5236 
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* IMP 5099 = BIL 8012 For IMP description locations, 
IMP 5110 = BIL 8006 reference Appendix G. 
IMP 5150 = BIL 8001 


** R] = § KQ for IMP's 5110 and 5150 
Rl = 4999 for all others 


Figure 3.10-8. Typical Processing Circuitry: IMP's 5099, 5110, 5113, 5175, 
§120, 5150, 5155 
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Figure 3.10-9. Typical IP Processing Circuits: IMP's 5111, 5112, and 5145 
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Figure 3.,10-10. IMP 5114 Processing Circuit 
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For IMP description, 
reference Table 3.10-10. 


Figure 3.10-11. IMP 5196 Generating Circuit 
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Figure 3.10~-12. Generating Circuit: IMP's 5198 and 5200 
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IMP 5574 





Spinoff Disconnect 1* 






IMP 5575 





* Activated by SRV 1 SEPARATE command For IMP description 
** Activated by SPINOFF DISCONNECT 2 lecation, reference 
command Appendix G. 


Figure 3.10-14. IP Processing Circuits: IMP's 5574 and 5575 
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Continuity Loop 
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NOTE: IMP 5576 passes 
through 13 plugs, 
IMP 5614 through 
12 plugs, 
* Reference Part 3, For IMP description 
Section 7 locations, reference 
** Each safe or test ee Appendix G. 


plug places 3 Kv 
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loop. Each arm plug 
provides a continuous 
connection. 


Figure 5.10-15. Typical IP Processing Circuit: IMP'’s 5576 and 5614 
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Figure 3.10-16. Typical IP Processing Circuit: IMP's 5589 and 5590 
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Figure 3.10-17. IP Processing Circuit: BIL 8010 
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with the master digital telemetry unit (MDTU) through separate address and 

reply lines (party lines), and formats analog and discrete data from the vehi-~ 

cle instrumentation based on party line address information. When an address 
that defines a unique analog data channel in the PPS/DP EAC slave DTU is received, 
the analog signal on that channel is sampled and input to an analog-to-digital 
(A/D) converter for digitizing. The digitized data is then formatted for out- 

put on the party reply line. Similarly, for discrete addresses, discrete data* 

is input to a level decision comparator, and then formatted into party reply 

line data. Figure 3.10-18 illustrates the DTU/MDTU interface. 


SCS ; PPS/DP EAC 





DCA* 
MDTU A 
RCA 
To Tape Recorders 
and Transponder | {Inst. 
(See Figure 3.10-1) Data 
DCA 
MDTU B 
spc 








* Data Channel Address 
** serial pulse code reply 


Figure 3.10-18. MDTU/DTU Interface 





* A diserete data word consists of 8 separate instrumentation inputs, each 
of which is digitized by the DTU and controls one bit {high or low) of the 
S8-bit reply signal. 
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10.3.1 DTU Assevibly 


DTU slave units are composed of various combinations of two basic building 





bliecks or slices: Corlverter tnits (Cu's} and the multipbhexer units, which 
carn be either analog multiplexers. [AMU's} or discréte miitiplexers (DMUts}, The 
PPS/DP EAC slave consists of two CU's, two AMU's, and one DMU. Each AMU 


glice contains redurdiant processing circuits for 128 analog inputs. The DM 





is capable of processing 128 discrete inputs in 16 eight~-bit words through 
its redundant circuits. This results in a maximum capacity of 256 analog and 
128 discrete inputs for the PPS/DP EAC slave. 


Bach half or side of the PPS/DP EAC slave consists of one CU and one of the two 
redundant processing circuits in each multiplexer. Thus side 1, oy DTU las it 
is more commonly referred to, consists of CUAl and one half of each multi- 
plexer unit [AMU's AS and AG, and DMU A3), Side 2, or DTU 2, consists of ‘CU A2 


and the remaining half of each miltipléxer (see Figure 3,10-19). 





Figure 3.10-20 illustrates the DTU assembly, showing the 5 individual ‘units 
and the external électrical interface connectdérs, The entire assembly weighs 
less than fourteen pounds, and is mounted to rails on the -Y¥ side of the film 


supply enclosure (reference Part 3, Section 1; Figure 3.1-13.} 


Within each DTU slice, electrical components are supported on multilayer 
peinted circuit boards held’ by tetainers on the housing, Rathee than direct 


wiring, printed circikit “mother boards are used to interconnect the component 





boards and external electrical plugs. Power and signals are carried between 
Slices by electrical connectors on. the housing sides. These connectors are mot 
yeferented in the PPS/DP EAC as they are. inaccessible on an assembled DTU. 


Figure 3.10-21 depicts a typical AMU or DMU {they are essentially identical 





mechanically) and Figure 3.10~22 4 typical CU. 
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Figure 3.10-19. DTU Organization 
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Figure 3.10-20. PPS/DP EAC Slave DTU 
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Figure 3.10-21. 
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Figure 3.10-22. Converter Unit Mechanical Construction 
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10.3.2 Slave DTU Power Control 


The telemetry system is designed such that only one half of each DTU in the 
system and only one MDTU are powered at any given time. If, through some 
failure, both halves of a slave DTU were powered simultaneously, each would 

reply to a valid data channel address signal for that DTU and the resultant 
interference between the reply signals at the MDTU would prevent accurate 
telemetry readings. To avoid this situation in the PPS/DP EAC, the power switch- 
es in the power monitor and control unit are interconnected as shown in 

Figure 3,10-23. Power is supplied to one side of the DTU only if the opposite 
side is off. If both sides are commanded ON, neither will receive power. How- 
ever, aS $00n as one side is commanded OFF, power will again be provided to 


the opposite side (reference Part 3, Section 7). 


424.5 vde 







DTU 1 ON** “hina 
DTU 1 OFF** 

DTU 2 

Power* 


DTU 2 ON** S 


DTU 2 oFF** |e 


24.5 vde 

to 
Instrumentation 
Supply Regulators 


*Fusing not shown and 
**Por CP command logic: Pressure Transducer* 


Reference Part 3, Section 9. 


Figure 3.10-23. DTU Power Control Logic 
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The DTH switchés also contral power for the +5 and 215 vde instrumentation 
supply regulators, as well as the pressure transducer (IMP 5019). Power 


is supplied to these whenever either DTU 1 or DTU 2 is on. 





16.3.5 DTU Redundancy and Block Panctions 


As previously indicated {Section 10.3), each half of the PPS/pp EAC DTU slave is 


completely vedumdant except for common data input connectors, On the output 





side (thé MOTU/ONTU interface), each BTU half has two data channel address 
(DCA) and two serial puise code reply (spc) circuits. One set is connected 
to MDTHU A and the other to MDTU 8. The circuits are designed such that 
either an electrical open or electrical short on any DCA or spec cireuit in 
one. side of the DTU will not prevent operation of that side, using the 


opposite set of ICA and spe circuits fand, necessarily, the opposite MDTU). 


Internally, both sides of the DTU are powered from their associated power 





converters, The common input data channels are connected to glestrically 
independent sets of processing circuitry for sides 1 and 2 {input gates, 
address decoders, A/f converters, etc.), and each of the two input gates for 


a Single data source has the same DCA. 


the various functions of the DTU are divided between. the two basic types of 
‘budiding blacks in such a way as to permit easy intercornection of different 
combinations of blocks. The CU contains a single power supply unit and the 


data cirenitry necessary to perform those tasks common to all processing: 





{1} Power supply unit: 
a} DC-BC cenversion 
b) Power switching 


¢) Temperature instrumentation 
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(2) Data processing circuitry: 
a) Address reply party line interfacing 
b}) Multiplexer interfacing (AMU or DMU) 
ec) A/D conversion 


d) Data formatting 


The multiplexer units decode the data channel address from the converter units 
and sample the proper data channel. Since each multiplexer type handles a 
different form of data (analog or digital), the circuitry involved is some- 
what different. However, the basic purpose of either unit remains the same. 
The following Sections describe each of the three blocks in greater detail, 
beginning with the CU (Section 10.3.3.1} and followed by the AMU (Section 10, 
3,3.2) and DMU (Section 10.3,3.3). 


10.3.3.1 Converter Unit. Figure 3.10-24 is a block diagram of the basic CU 
which illustrates the signal flow during operation. Since the unit is fairly 
complex, the major blocks will be.discussed individually to illustrate the 


operations more clearly. 


10.3,3.1.1 Power Supply. The power supply consists of a switching preregula- 
tor with a magnetically coupled load-sensing circuit for line and load reg- 
ulation and a transistor chopper circuit. The output voltages from the pri- 
mary transformer (+l2v, -12v, and +5v) are full wave rectified and filtered 
(C-L-C Pi filters) to produce the necessary operating voltages. <A separate 
series regulator generates -5 volts from the -12-volt filtered output. In 
the event of a high current or overvoltage condition, a shutdown circuit will 
inhibit the chopper and preregulator. The inhibit is removed automatically 
when the fault is cleared. The input power on/off control circuit and the 
internal power monitor of the unit are not used as the PPS/DP EAC supplies 
switched power to the DTU from the PM and C. 
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To conserve power, the DTU incorporates a gated power scheme. Circuits re- 
ceiving gated power are on for only a portion of the total time the DTU is 

powered, with the duty cycle dependent on the address/reply usage rate for 

the DTU. 


The +5-volt gated power is supplied each time an address is received that is 
not a dead code (an address with bits Gl through G5* all logic zeros}. Coin- 
cident with this, a signal from the converter unit turns on all +5-volt logic 
in the multiplexer units. Unless an analog flag (AF) or discrete flag (DF) 

is received from a multiplexer, signifying that the MDTU requires a reply from 
that. slice, the 5-volt power will turn off after approximately 9 micro- 
seconds and a signal from the converter unit will turn off all multiplexer 


+5-volt supplies. 


In the event a flag is received, the mutliplexer off signal from the CU 
turns off all multiplexers except the one responding with a flag. The power 
down command for the converter is inhibited for two-word times and the +12- 
volt switches are activated for data processing and reply. If at the end 

of two-word times a new potentially valid address is received, the switched 
power remains on awaiting a flag from the multiplexers, and all +5-volt 
multiplexer supplies are turned on. If no flag is received, the +5-volt 


and +12-volt switches are disabled. 
The following circuits are those receiving gated power in the CU: 
(1) Timing generator: 

a) Bit counter 

b) Multiplexer (mux) timing 

c}) A/D converter timing 
*Group address bits: Reference Section 10.3.3.2 
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(2) Add¥ess register and buffers 


(3) A/D converter (D/A converter; holding register; buffer- 
hold comparator (BHC); analog input switch) 


{4} NRZ formatter 
(3) Reply modulator and cable driver 





10.3.3.41.2 Address Receiver. The address receiver interfaces with the 





DCA party Line and acquires data and clock information from received 


addresses. 


The channel addréss signal is a tYilevel, amplitude-modulated sinuseid with 
# fundamental frequency of 384 KHz, The signal length is 12 bits tor 12 
cycles} with 1 bit for word synchronization, a 10-bit channel address code*, 


and l~bit time for execution. 


A binary: 2zevo is represented by low-level modulation and 4 binary one by 





high~level modulation with respect to the de signal level. For further in 


Voltave levels for the binary values are not set at absolute levels, In- 
stead, the system is required to maintain a minimm ratio between levels for 
tinary one's and zero'’s. In order to distinguish between the two, the address 
receiver establishes a reference voltage based on the peak Level of the in- 
coming signal {the word synchronization bit must be a binary one for this 


reason) and then détects binary values by comparison with the referéneé. The 





three basic circuits of the address receiver which perform these function are: 


fi} The linéar amplifier 
(2}. The peak detector 
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(3) The “one's and "zero's" data comparators 
Figure 3.10-25 is a block diagram of the address receiver. 


Operation of the receiver is as follows: The DCA signal is transformer 
coupled into a noise suppression network and routed to a linear amplifier 
to boost the signal level, The amplified signal is then fed to the peak 
detector to provide a de reference voltage equal to the peak ac voltage. 
The resistor divider networks at the output set the threshold voltages 

for the one's data and zero's data comparators. The output of the one's 
comparator provides a low-going pulse (or one's data)* each time a binary 
one is received. The zero's comparator is set such that a low-going pulse 


(or zero's data)* is provided each time a binary one or zero is received. 


10.3.3.1.3 Timing Generator. The timing generator accepts the zero's data 
signal from the address receiver and generates all the basic timing signals 
for the DTU, locked in phase with the zero's data signal. The generator 
circuit, Figure 3.10-26, consists of a phase lock loop (PLL), a four term 
phase generator, a 384 KHz clock generator, a 12-bit counter, and timing 


logic for the analog and discrete multiplexers. 


The PLL derives a 1536 KHz (384 KHz- 4) clock signal from the address re- 
ceiver's 384 KHz zero's clock. The 1536 KHz clock is phase locked to the 


zero's clock and drives the phase generator. 


The phase generator employs a 4-bit shift register clocked by the 1536 KHz 
signal with an error correction loop to generate the four-phase terms. Thus, 
each phase term (P1 through P4) corresponds to a specific quarter segment of 


a bit time (see the timing diagram on Figure 3.10-26). Phases P3 and P4 are 


*A bar over the signal descriptor indicates the signal is inverted: i.e., the 
signal level drops when a pulse is output. 
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Figure 3.10-25. Address Receiver Block Diagram 
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*See Figure 5.10-27 


Figure 3.10-26. Timing Generator Circuit 
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synchroniged to the incoming date. 





The bit. generator is a‘l2-bit shift régister clocked by the 384 KHz signal. 
Bit 12 is fed back to the input of the first state producing a continuous 
384 KHz pulse train. 





The timing logic is composed of several smaller circuits which use the bit 
terms and phase terms to produce the clock signals for analog and discrete 
wultiplexer Operation. ‘The SDD clack Conisists of seven pulses whith clock 
diserete data from the DMU into the converter. The remaining outputs BLO, 
BLO-P3, and BIO-P3” are used in various ways within the AMU and DMU slices 


and will be dis¢ussed in fallowing Sections. 


10.5,3,1,4 Address Register. The address register which is. shown in 


Figure 3.10-27 receives the channel address from the address feceiver and 





clocks it into a serial input shift register sync bit first. When the syne 


logic power if there is a logic 1 in any position of stages A8& through Ad 
which at this point contain address bits Gl threugh G5. When the syne bit 
‘yeaches stage Al2Z indicating that the channel: address is fully loaded, the 
10-bit functional address portion is parallel .leaded inte the storage reg- 
ister and associated buffers {assuming +$-volt Logic power was turned on), 
and the serial input register cleated, The parallel address information 18 


then presented to the miltiplexer(s) for a Full-word time (12-bit times) 





while a new code is being clocked into the serial address register. 


To aid in understanding the address register bleck diagram, Table 3.10-3 


presents a logic chart for the “D-type! flip-fleps employed, This type of 





device is used in several places threughout the DTU and appears on many of 


the following block diagrams. 
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TABLE 3.10-3 
D-TYPE FLIP-FLOP LOGIC TABLE 


Function Table 








Inputs Outputs 











Preset 











Po tht mer te 








D-Type Flip-Flop 
High level (steady state); L = Low level Symbol 
(steady state) 


ii 


X = [rrelevant 
+ = Transition from low to high level 


Q, =The level of Q before the indicated input 
conditions were established. 





*This configuration is nonstable, It will not persist when preset 
and clear inputs return to the inactive (high) level. 
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10.3,.4.1.5 A/f Converter. The A/D converter is an eight-bit successive 


approximation digitizing circuit which accepts analog input signals from 





the multiplexer units and produces eight-bit equivalent digital signals, 
the least significant bit of which represents 0.02 voit. ‘Binary cades 

00000000, 
present either 0.00 volt or an open circuit, and code 1if11110, represents 


and LLIII111. are not. permitted; code 00G00901., is used to re~« 


either 5.06 valts or an overveltage condition, 





The basic elements of the A/D converter (Figure 3.10-28) incinude: 


{1} An analog input switch 

(2) A Buffer Hold Comparator (BHC) 

(3) A holding register 

(4) A digital-to-analog (D/A) converter 


The analog input switch is a solid-state switch which connects either the 





pulse amplitude modulated (PAM) signal (the analog sample) or the D/A con- 


verter comparison voltage to the BHC. 


The BHC is used to sample the analog voltage from the multiplexer unit and 
te hold the sample accurately during the encade (digitizing) period. During 


the digitizing cycle, the BHC acts as 4 voltage comparator. 


The D/A converter provides a precision analog reference voltage te the BHC 


for comparison purposes. The level of the reference voltage is determined 





by the binary value of the holding register. The components of the converter 
consist of a monolithic D/A converter and a current-to-valtage (C/V) con- 


VELTer, 





A block diagram of the full A/D converter circuit is shown in Figure 3.10-29 
along with the sample/encode algorithm and a typical encoding example, The 
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Figure 3.10-28. Analog-to-Digital Converter ~ Basic Elements 
Handle via BYEMAN 


Control System Only TOP-SECRET é 


Approved for Release: 2017/02/14 C05097359 


Approved for Release: 2017/02/14 C05097359 


TOP-SECRET ear Bi F-008- W-C-19842-RI-80 


Sample 

















PAM O Error 






. (Analog 
Ground) 
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wi 
° Encoding Sequence for a 3-Volt Sample 
a Encoder 
Switch Qutput 
Current Voltages Position Level Encoder Alogrithm 

A. 3.000 0 0.600 Sample = IF Vy ~ Vy 3 < V5 Encode" i" 

B, 2.530 0 -0.470 Encode 1 i 

C. 3.810 0 40.810 Encode 0 IF Vy ~ Vy 3? Vv, Encode"9" 

D, 3.170 0 40.170  fBreode 0 , 

BE. 2.850 0 ~0.150 Encode 1 

F. 3,010 0 +9 .010 Encode 0 Where: 

G, 2-930 8 =0.070 Encode i V, = represents voltage 

H, 2,970 0 -0.030 Encode 1 1,3 Arai Peau 

I. 2.990 0 -0.010 Encode 1 P 

@to®. 


Figure 3.10-29. Analog-to-Digital Converter - Block Diagram, Sample/Encode Algorithm 
and Encoding Example 
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the BHC portion of the converter. This buffer exhibits extremely high in- 
put impedance and near unity gain (Ay 0.9998) resulting in accurate sampl- 
ing of the PAM signal. The output of the buffer amplifier is routed to one 
side of the sample capacitor (C1) with the opposite side of the capacitor 
tied to the inverting input of Al and to the output of Al through the sample 
switch. During the capacitor charge period (approximately 10 microseconds), 
the sample switch is closed, forcing Al into a unity gain mode and causing 
Ci to charge to a value virtually equal to the BHC input voltage. Any 
common mode offset voltage will be ignored since the sample capacitor is 
charged differentially and both the sample and D/A reference voltage, to 


which the sample will be compared, will experience the same offset, 


Once the sample has been acquired, the switch which forced unity gain is 
opened and the code switch is closed, forcing Al into an open loop gain 
mode for use as a comparator. At this time, the D/A precision voltage out- 
put is presented to the BHC input. The first voltage level entering the 
BHC is equivalent to half scale Gu = 2.530). On the basis of the half- 


2 
scale voltage being greater or less than the charge on C1, the Al amplifier 


correspondingly shows high or low (the error signal). This information is 
presented to the holding register, and causes the holding register either 
to retain the half-scale bit (binary 1) or reset the bit (binary 9). This 
sequence is repeated for quarter scale*, eighth scale, etc. At the end of 
the encode time (8 bits), the information stored in the holding register is 


the digital equivalent of the unknown analog sample. 


Timing of the comparison sequence is illustrated on the signal diagram in 


Figure 3.10-28 for a sample of 2,560 volts. During the sample period, the 





*Approximate quarter scale. Bit 2 adds 1.28 volts, Bit 3 adds 0.64 volt,etc. 
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holding vegister is cleared (at bit-time B7) and the most significant bit 
set to logic 1 (during bit-time B10). The output of the D/A converter be- 
comes 2.530 volts for the start of the coding period, reflecting the state 
of the holding register. 


When the coding period begins, the error signal remains high which indicates 
the sample exceeds 2.530 volts, and the first digital bit is retained (Hi re- 
mains low), The next most significant bit is set to logic 1 during bit~-time 
B12, The converter output becomes 3,810 volts and the error signal falls to 
indicate the sample voltage is less than 3.810 volts. Bit H2 (26) is reset 

to zero during the remainder of bit-period B12. The process continues through 


all eight bits with the final comparison made during bit-time B6. 


10.3.3.1.6 NRZ Formatter, The non-return-to-zero (NRZ) formatter (Figure 
3.10-30) produces the NRZ and blanking signals which drive the reply modula- 
tor. NRZ is an 8-bit data word which represents either the digitized analog 
signal or an eight-bit discrete word. The NRZ signal is generated by accept- 
ing BHC error signals representing the digitized analog sample (most signi- 
ficant bit (MSB) first), or DMU SDD signals (MSB bit first) and placing each 


data bit in the proper time frame. 


Enabling of the appropriate data multiplexer channel to accept SDD or error 
data is controlled by receipt of an analog or digital flag (AF or DF) which 
sets one or the other of two flip-flops to logic 1. The flip-flop outputs 
then enable the appropriate gate for data transmission through the data 


multiplexer to produce the NRZ signal. 


The least significant bit (LSB) complement decision circuit decodes the NRZ 
signal to detect a transition in the data reply. If no transition occurs and 
an analog signal is being processed, the LSB is complemented to prevent an 


all one's or all zero's reply. 
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Figure 3.10-30. NRZ Formatter 
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The end result of processing by the formatter is the NRZ data signal ard the 


blank signal which enables the reply modulator output driver for transmission 





10.3.3.1.7 Reply Modulator, The reply modulator modulates the 384 KHz 

xlock with the NRZ and blank signals from the NRZ formatter: After filtering, 
the reply is transmitted over two separate party lines, one connected to 

MDTU A and the other to MDTU B. 





Operation of the reply modulator circuitry is illustrated by the timing sig- 
nals in Figure 3,190-31. The unfiltered reply waveform is generated by tmhod- 

ulating the 384 KHz clock with NRZ reply data. The amplitude of a modulated 
bit is a Vone" of a "zero" deperiding on the NRZ bit driving the modulator at 
that time, The reply waveform is then filtered to produce a bilevel simisoi- 
dal waveform. ‘This is then amplified and buffered by the cable driver ampli- 


fier. DBuring blanking and power off periods, a switch controlled by the 





biank signal from the NRZ formatter opens the primary of the reply output 


transformer. 


In term of characteristics, the reply signal from the UTU slave is a trilevel, 
amplitude-modulated simisoid at the fundamental clock frequency of 384 KHz. 
The signal length is l2-bit times with | bit for word synchronization, & bits 
for the data code (MSB first}, and 3-bit times for execution. A binary zero 
is. represented by low-level modulation and a binary one by high-level mod- 


ulation, As in the case of DCA signals, hit levels ave determined hy the 





ratio between the low and high levels of the reply signal rather than ah- 
solute voltepes. For further information on signal characteristics and tim- 


ing, refer te Section 10.4.2. 





10.3.3.2 AMU Unit. The AMU provides redundant facilities (except for inpit 
connections) For multiplexing 128 channels of 0-5-velt analog information, 
Each CU of the Pps/pp EAC NTU provides power to one of the redundant portions, 
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Figure 3.10-31. Reply Modulator 
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resulting in independent channels for DTU 1 and DTU 2. The components for 
one portion are mounted on a single board and include eight 16-channel sub- 
multiplexers, a main multiplexer, and associated circuitry. Selection of a 
single channel out of the submultiplexers is performed by the 10-bit data 
channel address code, using three bits to select the AMU (or slice}, three 
bits to select the submultiplexer, and four bits to designate a single 
channel on the submultiplexer. In practice, this code is divided into two 
5-bit segments referred to as group and channel. Figure 3.10-32 is a typi- 
cal group-channel code showing the group-channel division and the standard 


binary-to-octal conversion. 


| Group Channel | 
Group - 
we DETR ET Tepe Te] ee 


Geet [ 2]. @ |e] @ | 2he2e, 


Figure 3.10-32. Group-Channel Address Code 


This method of referencing data codes is based on a previous DTU design and 
remains the standard format although it no longer is indicative of the channel 


selection procedure. 


Figure 3,10-33 is a block diagram of one AMU slice. The slice receives power 
and buffered channel address signals from the converter unit. If the address 
is valid, an analog flag (AF) is returned to the CU, and the selected input 
channel voltage signal is supplied to the A/D converter. The circuitry of 


the AMU consists of the following: 


(1} The group (slice} code detection circuit 


(2} The submultiplexer decode circuit 
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Figure 3.10-33. AMU Block Diagram 
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sete meagan asarcare 





(3) The submultiplexers 

‘{4) The main moltiplexer 

{5} The overvoltage protection circuits 
(6) The PAM "dump? 

(7) The guard amplifier 





(8} Power switching circuitry 





10.3.3,2.1 Group Code Detection, Each AMU is assigned a predetermined group 
code which is éstablished by hardwiring of 8 four-bit integrated circuit com- 
parator. This cede is continugusly compared with the three most significant 
bits (Gl, G2, and G3) of the address gerit from the CU, Upen successful 
comparison, a logic one signal (the AF is output to enable the submul tiplexer 
decode ckrcuit (Section 10.3,3.2.2)}). 


lifiers, closes. the PAM: switch (for sample output), and is output for use 


in the Cu. 





10,.8.3.2.2 Submuiltiplexer Decode. The next three CU address terms (G4, G5, 
and Ci) are used by the subhultiplexer decode circuit, when enabled, to gene 
erate one of sight submultiplexer enables. The selected enable activates the 


appropriate subtultiplexer through whith data is to be acquired. 


40.3.3.2.3 Submultiplexers. The submultiplexers are 16-channel integrated 


circuit analog signal multiplexers. Address bits €2 through C5 ave fed in 





parallel to each submultiplexer to select one out of the 16-channels. The 
chip endble, which is controlled ty the submaltiplexer decode signal, must 
be @ logic one to sélect any of the channels. Table 3.10-4 summarizes the 


‘gronp-channel address code sélection of an anglog input. 
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TABLE 3.10-4 
AMU ADDRESS RECOGNITION 








Gl G2 G3 | G4 G5 Ci | C2 «C3 c4 C5 
Slice Enable Submux Enable Submux Channel Code 
Submux Submux 
G4 G5 Cl _ Enable C2. C3 64: SCS Channel 
0 0 0 EN 0 0 0 0 0) 1 
0 0 1 EN 1 0 0 0 1 Z 
0 1 QO EN 2 0 0 1 0 3 
0 1 1 EN 3 0 9 1 1 4 
a8 1 Oo oO EN4 0 1 0 OQ S 
3 1 oO 4 ENS 0 1 0 1 6 
= 1 1 0 EN 6 0 1 1 0 7 
1 1 1 EN 7 0 i 1 i 8 
1 0 0 0 
i 0 9 1 10 
1 0 1 0 1m | 
1 0 1 1 12 
1 1 0 0 13 
1 i 0 1 14 
1 1 1 0 15 
1 1 1 1 16 
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10.3.3.2.4 Main Multiplexer. The main multiplexer consists of two four- 
channel analog switches that are used to isolate the eight 16-channel sub- 
multiplexers. This isolation prevents a complete loss of data due to a de- 
fective input channel and enchances the response time of the analog sample 
line as a result of reduced capacitance loading. The switches are enabled 
by the same output lines which enable the submultiplexers, connecting the 


selected input to the main multiplexer output. 


10.3.3.2.5 Overvoltage Protection. Each input analog channel is protected 
from excessive voltage through the use of a 20 K2 resistor, a low leakage 


diode, and a zener diode clamp as shown in Figure 3,10-34. 


20 KQ | Output to 


Input Submultiplexer 





cmnem em 
* 


NOTE: Figure illustrates 
1 of 16 identical 
channels per chip. 


Figure 3.10-34. “Typical Overvoltage Protection Network 
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Open channel encoding requirements are satisfied by a 10 MQ pulldown re- 
sister on the input side of each 5.1 KN input resistor. The resistors and 
diodes are integrated into dual-in-line ceramic packages providing 16 inputs 
per package. This protection network allows analog voltages in excess of 35 
volts to be applied at the DTU analog inputs without damage to the submulti- 


plexers. 


10.3.3.2.6 PAM Dump. In order to satisfy the maximum feedback current re- 
quirement and enhance the charge transfer time of the analog sample lines, 

a dump of all submultiplexer and main multiplexer outputs is performed during 
periods when no sampling activity is occurring. The dump signal, which lasts 
approximately one-bit time, disconnects the dump line from the output of the 
buffer amplifier and connects it to -2 volts through a protective resistor. 
This effectively removes any charge accumulated in the PAM lines prior to the 
next sample period. After dumping, the output of the buffer amplifier is re- 
turned to the PAM and dump lines. If an AF is present during the dump period, 
the dump is inhibited, and the output of the buffer amplifier remains connect- 
ed to the dump line, guarding the capacitance of the dump diodes for the 
sampling period, The sampling period lasts approximately 30 wsec and consists 
of a 20 usec line charge period following selection of an input channel and a 
10 ysec A/D converter sample period to charge a holding capacitor in the CU. 
(Reference Section 10.3.3.1.5.) 


10.3.3.2.7 Guard Amplifier. The capacitance of Metal Oxide Semiconductor 
Field Effect Transistor (MOSFET) devices on the analog lines degrades the 
charge transfer characteristics of the AMU. For optimum performance, it is 
necessary to "guard'' this capacitance by modulating the substrate voltage of 
the main multiplexer. A guard amplifier controlled by the PAM buffer amplifier 


performs this task and effectively nullifies the capacitive loading. 


10.3.3.2.8 Power Switching. The power switching circuits provide a sub- 


stantial savings in average power consumption by turning off all possible logic 
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whenever the multiplexer is not being addressed, while dissipating negligible 


power during power down operations. The power switching circtiits aré con- 





group-channel address is recehved, 


After allowitig time for transients to settle, the (U provides ‘the address to 


the multiplexer. If the group cede is recognized. (that is, matches the hard- 





wired slice code}, an AF ts generated which inhibits the CU power off signal. 
Tf the group code is not recognized, the power off signal from the CU turns 


off the logic power switches. 


i0.3,3.3 Diserete Multiplexer Unit. The DMU provides redundant circuits 
powered by opposite Cllts and capable of multiplexing 128 bilevel inputs 
grouped into eight-bit words, The sate intégrated ¢ircuit multiplexer used 
as a subuultiplexer in the AMU is used as the multiplexing element in the 
BMG. Aliso, the group code. detection, overvoltage pretection, sample dump, 





and powet switching circuits used in the DMU Operate like those of the AMU 


and serve the same purposes. 


The clrewit organization .showy in Figure 3.10-35 is such that bit 1 of each 
word (1 through 16) is fed. through the same multiplexer. Ina similar fashion, 
each of the seven remaining multiplexers reesives bits 2 through & respective- 
ly for the 16 discrete words. The eight parallel discrete bits are checked 
for logic levels by eight parallel comparators. The comparator outputs are 


then loaded into an cight-bit shift register and clocked. to the CU in a 





serial wave train (bit 1, or MSB first) hy the serial discrete data timing 
signal. 


10.5.3.3.1 DMU Address Recognition. The DMU employs two four-bit comparators 





to recognize the group code formed by the six most significant address bits 
sent from the converter unit. (61 through G5, and Ci}. The code of the DMU 
is established by hardwiring the terminals of the conmparators to either 5 
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volts or ground, Recognition of the address group code will generate a DP 
Signal which is used to endble the eight multiplexers, and to maintain the 


switched power on for the DMU components, and is inverted to form the group 





ode recognition sywbol (BF) for the cu. 


The retiaining four address terms (C2 through C5) are connected to the multi- 


‘plexérs through an enable circuit and used to select one Of 16 data lines. 





The enable is controlled by the presence or absence of DF. Table 3.10-5 


presents a truth table simarizing the channel (word) selection tade. 


10.3.5.3.2 Overveltage Protection, Hach input channel is protected by a 
network identical t6 that used for analog inputs. The zener diodes provide 
a voltage clamp to protect against high input lievels, while thé distrete 


diodes and resistors protect against negative-going spikes. 


10.3.5-3.3 Discrete Dunp. The discrete dump provides a dump of all eight 





maltiplexer lines before they enter the comparator, The dump of the charge 
stored on these lines is through low leakage diddes and a transistor switch, 
As in the AMU, the duwp signal occurs before the next address is given to 
the DMU. 


10.3.3.3.4 Power Switching. The only power switched in the DMU is the 5- 
volt Line: ‘The logic invelved is similar to the AMU; ‘The converter signal 
turis power on prior ta the address peried and turns power off following it. 


A DP from the DMU inhibits the power off signal when an address is recognized. 





10.3.4 Slave DTU Address/Reply Timing 


‘Timing of the overall slave DTU address/reply cycle in terms of power switth- 





ing, sampling, and encoding is a relatively complex. process. To aid in under- 
standing the sequence, Figures 3.10-36 and 3.10-37 present a simplified re- 
sponse tycie in tertis of the internal BTU timing signals for analog and dis- 


crete data requests respectively, 
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TABLE 3,105 
DMU ADDRESS RECOGNITION 


GS G4 GS Ci C2 
| ed 


Slice Enable 


Mux 
0 0 0 0 1 
0 0 0 i 2 
0 0 1 Q 3 
0 0 1 1 4 
0 1 0 0 5 
0 1 0 1 6 
0 1 1 0) ? 
0 1 1 1 8 
1 0 0 0 9 
1 0 0 1 10 
1 0 1 0 11 
1 0 1 L 12 
1 1 0 0 13 
1 1 0 1 i4 
1 1 1 0 is 
1 i 1 ia 16 
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Figure 3.10-37. Simplified Discrete Address/Keply Timing 3,10-69/3,10~70 
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Three-word times are required for the DTU to receive a valid address, decode 
it, sample ‘and encode the requested input, and respond to the request with a 
ape party Line reply. The number of responses (or duty cycle) reguired of 
ca a single slave is determined by the sampling program im the master unit. The 
analog and discrete timing figures shew a complete power up and power down 
sequence. However, if the master anit transmits a second addivess to the slave 
within two-word times of the first address, the power down sequence will be 
a2 inhibited for at least the address decode and compare period. 
10.4 Master DTU 
The MDTU serves as the controfler for ali telemetry subsystem operations. 
It generates all operating commands, with the exception of power, for the 
slave oiits, and precesses all data output by the slaves. In addition, the. 
monitors in discrete format only. However, no direct inputs are assigned 


ae For use.in the PPS/pP BAC, 


The two SCS master units (A and B) are completely redundant. Either master 
éan address all slave units, and can output data to either of the two véhicte 
tape recorders for storage, or to the vehicle transponders for transmission 
ta the ground. (reference Figure 3.10-1)*. The system also possesses the 
capability of recoxvding and transmitting data simultaneously if desired. To 
avoid interference between data signals from the two MDTU’s, omly one will be 


powered at any given time, 
43 410:4.1 MDTU Capabilities 


The master unit can accommodate ap to cight isolated, short-circuit protect ed 


outputs that may be connected in a parallel configuration if se desired. This 





‘he. MOTU output is a pulse cade modulated (PCM) signal. Por-this reason, the 
MDTU ig sometimes referred to as a PCM unit, and this title is often used as 
an unclassified term for digital telemetry unit. 
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slave. At present, the Gambit vehicle incorporates only three dual-sided slaves; 
two in the SCS, and one in the PPS/DP EAC (see Figure 3.10-38). A fourth slave, 

the RECAL unit, is used only for testing and is located in the launch pad gantry 

test console. It receives data from the PPS/DP EAC satellite reentry vehicles 














through test cables, and interfaces only with SCS master unit A through the 
PPS/DP EAC junction box. Although the RECAL unit in use is an older design, it 


is fully compatible with the current telemetry system. 


To distinguish between slave units, each is assigned a "dash'' number. The two 
SCS units are known as the -3 and -5 slaves. The PPS/DP EAC unit is -7, and 

the RECAL unit -9. Presently, the -3 unit consists of two CU's, two AMU's, 
and two DMU's. The -5 slave is composed of two CU's and only one AMU and one DMU. 











In addition to being limited on the number of slave units the MDTU can address, 
limits are also imposed on the total number of AMU and DMU slices in the 
subsystem according to the maximum number of unique slice address codes. Based 
on this, the system can accommodate up to seven AMU slices and six DMU slices. 
The slice address codes for the -7 slave (PPS/DP EAC) are assigned as. shown in 
Table 3.10-6. 


TABLE 3.10-6 
-7 (PPS/DP EAC) SLAVE DTU SLICE CODES 


Slice Type Slice Code* 
AS DMU 000101 
AS AMU 110 
A6 AMU 101 


*Address Code Bits Gl through G3 for AMU's, and Bits Gl through G5, and Cl for 
DMU's. 
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Direct data inputs to the master unit (serial digital data} are limited to 


16 channels, with each treated as a discrete (bilevel) signal hy the 





waster, When addressed, samples are taken serially from a channel in 


multiples of cight to form standard e¢ight-bit data words. 


The actual rate of data sampling and the order in which it is sampled is con- 





trolled by stored programs in the MDTU memory. This programming is accon- 
plished priox to Taunch, and cannot be altered. on-orbit, By using stored 
‘programs to control sampling, the telemetry system offers extreme flex~ 
ibility. Most changes in instrumentation sampling rates or sequences can 
be made simply by reprogramming the waster unit with no hardware changes 


necessary. 


The order in which a stored program directs the MNTU to sample and output 


information is referred to as a telemetry format. Up to four different 





formats may be stored in the MDTU for use, with the selection of any part- 
-icular one controlled by command. (In addition, the MDTU offers the cap- 

ability of generating the data in a serial bit-stream ata rate of 32, 64, 
or 128 kilobits/second (KBS}, equivalent to 4000, 8600, or 16000 eight-bit 
data words each second, The bit-rate choice for a format is determined by 


the format program and is automatically selected when the format 33 commanded. 
16.4.2 Slave DTU/MDTU Communication 


Communication between slave and master units occurs along individual party 





address and reply lines in the form of trilevel amplitude modulated sinusoids. 
A full cycle sine wave of one level représents a binaty one, and a full “eye le 
sine wave of approximately half the amplitude represents a binary zero. The 


third leyel is. represented by the dc level. The signal has a fundamental 





frequency of 364 KHz and spectral components whose magnitude falis of f at a 
rate of 24 decihels per octave beginning at 576 KHz, 
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The address and reply lines form separate, shielded pairs with their re- 
spective returns, and are transformer coupled at both the slave and master 
DTU's., The lines are completely isolated at the slave units, and are con- 
nected to the satellite system ground within the SCS through a center tap 


on the input transformer of the master unit. 


10.4,.2,1 Data Channel Address. The data channel address signal, or remote 
channel address as it is also known, consists of an 11-bit code commencing 

at the beginning of each party line word time (one word-time is 12 bit-times 
at the rate of 384 KBS}. The remaining portion of the word-time is charac- 
terized by the absence of a signal. As shown in Figure 3,10-39, bit 1 is the 
synchronization bit (binary one) and bits 2 through 11 the 10-bit group-chan- 
nel address code (G1-G5 and C1-CS respectively*). The last bit period is 
allocated for execution time, The signal characteristics are controlled by 


interface agreement between BIF-008 and LMSC, and are as follows: 


(1) Waveform Noncontinuous, trilevel, 
amplitude-modulated sinusoid 
(2) Frequency 384 KBS + 1% 


(3) Amplitude (average to 
negative peak): 


a, At master unit address 





output Binary "1": 0.5 + 0.1 volt 
Binary "0": 0,2 4 0.04 volt 
b. At slave unit address 
input Binary "1": 0.5 + 0.4 volt 
Binary "0": 0.2 + 0.16 valt 
(4) Voltage Amplitude Ratio Of "0%s to "1"%s: 0.4 £0.04 
*Reference Section 10,3.3.2 
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Figure 3.10-39. Remote Channel Address Signal 
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10.4.2,2 Serial Pulse Code Reply. The spe reply is composed of a synchre~- 
nization bit (binary one}, the eight-~bit data word (MSB first), end 
‘three bit-times for execution (see Figure 3.10-40). Significant character- 


istics of the signal are as fellows: 


fi} Waveforn Noncontinuous, trilevel, — 
amplitude-modiulated sinusoid 


(2) Rrequenty. 384 KBS + 1% 
(3) Amplitude (average to negative peak): 


ay At slave unit pulse . ; | 
code output Binary ap ae 0 35 te 6. é6 velt 
Binary “O%: 0.1 to 0.35 volt 


b) At master unit pulse 
code input Hinary PIN: 0.1 to 0.9 yalt 
Binary "0": 0.03 to 0.45 yolt 


($} Voltage Amplitude Ratio Of “OMS to "1%s: 6.4 4 0.1 


oo Additional requirements levied on the spe signals, and also on the DCA sig- 
nals, ave beyond the scope of this document. For further information, refer 


to BIF-008 specification 1401-305: Telemetry Requirements ~- PPS/SCS (9 x 5). 


10.4.2.3 Address/Reply Timing. The time from generation of a valid DOA code 
to return of a spe reply is. controlled by thé Slave unit, which requires one 
word-time following receipt of the address for sampling end formatting the 
reply. Thus, a reply is not returned until the second word-time following 


the DCA as shown in Figure 3.10-41*. 
The rate of adidress signal generation is «a function of the format bit-rate. 


At 128 KBS, a BCA signal is otitput every second word~time. At 64 KBS, the DCA 


signals ere spaced four word-tiwes apart, and at 3% KBS, eight word-times apart. 


*Timing diagrams for slave unit encoding are presented in Section 10.3.4 
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Bit Number | 1 | 2 | 3 | 4 5 | 6 | 7 | 8 | 9 | 19 | il | 12 | 






ro ~ 


myn Amplitude:* 
Amplitude* | 





MSB LSB 

Binary Value | 1 | 1 | 0 | 0 | 1 | 0 | 1 | 0 | 0 | Se haat inie case | 
Word Data Code Execute 
Syne 


* For voltages, reference Section 10.4.2,2 


Figure 3.10-40. Serial Pulse Code Data Signal 
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To insuré synchronization of the master unit. with the command system, the 
master vinit clock generating the DCA signals is synchronized to the vehicle 


command subsystem clock using timing signals from the extended command sub~ 





system (ECS). As a result, it is possible, within reasonable limits, to 
woniter functions at set times with respect to vehicle command pulse timing 


by proper programming of the telemetry sampling sequence. 
10.4,3 MDTU Telemetry Output 


The MDTU reformats the return data from slave units and direct inputs frow 
instrumentation sensors ani outputs it ih a continuous serial bit-stream. 
This output, which consists of spe data information and special codes used 


for data control, is eithér recorded ‘on the veliicie tape recorder, ‘trans~ 





mitted to the ground in real time, or is both recorded and transmitted 


Simultaneous ly. 


‘The output waveform is a syvare wave non-return-to-zero Level (NRZL) pulse 
train. <A sample NRZL square. wave which represents the same binary value 


as the incoming spe data word is ‘iliustrated in Figure 3.10-43. 


Input te the vehicle tapé recorders is cross-strapped such that either tape 


recorder can accept data from either MDTU. ‘The recorders are capable of 





operating in either a low-or high-speed record mode to accept data at $2 KBS 
or 64 KBS*, Upon playback, data is read ont at a 256 KBS rate. 





¥ihe 128 KES MOTH capability is not used For the Gambit vehicie. At 32 KBS, 
the tape recorder can store. approximately 90 minutes worth of data, and at 
64. KBS, approximately 45 minutes worth. 
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Figure 3.10-42. Remote Channel Address Generation Rate 
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Figure 3.10-43. Binary Coded Square Wave NRZL Pulse Code Train 
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10.4.4 Telemetry Transmission and Processing 


Upon command, data is transmitted to the ground through either of the two 
space ground link subsystem (SGLS) transmitters, Both real-time and play- 
back data can be transmitted simultaneously through the use of separate sub- 
carrier frequencies. However, the order of data in the bit-stream differs 
from real time to playback. Real-time data is received at the tracking 
station, MSB first. Stored data is received LSB first due to the behavior 
of the tape recorders, which play back in the opposite direction from that 
in which information was recorded. Therefore, this information is first 
recorded by the tracking station, and, when desired, read out in the re- 


verse direction to return to the normal bit sequence. 


Reporting of the eight-bit data code can be done in several different ways. 
The most obvious of these, and also the longest in terms of character length, 
is simply to report the binary number. However, to save space, the binary 
value is often presented in octal or decimal. The decimal system is used 
most commonly and the values are referred to as PCM counts. An alternative 
to this method is the percent bandwidth figure, which is less accurate but 
has the advantage of requiring only two characters for the full telemetry 
scale, a prime consideration when space is limited. Based on the 0-volt to 
S-volt instrumentation input scale rather than the 0-to 5.06-volt DTU range, 
this figure represents what percent the telemetry voltage reading (based on 
the binary signal) is of 5 volts, rounded to the nearest whole number. For 
comparison, Table 3.10-7 lists the octal and decimal codes, telemetry volts 


(TMV), and percent bandwidth figures over the full 0.00-to 5,06-volt range. 


While these methods are convenient, it is often more advantageous to report 
information in terms of the actual units being measured. For discrete data, 
the outputs can be converted back to the eight individual responses composing 


the word and indicate the state of each function. For analog points, the out-~ 
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OCTAL. COUNT, DECIMAL COUNT, TM VOLTS, AND PERCENT BANDWIDTH CONVERSION 


4 
. 


Par eer oe) 
* * 


» 





+ 8 


yb hk: ek eh ee | 


‘ 
te tw Beh bo 
REO oo DG JON: eS 0 Bh be 
Poa 
oe Bt be Gd LA ROR RS ROCK ee bet dD 








bot 

ob 
ta Ut be tA Gi ei tA Go Ge Ge Ge be ta Gb Ge Ga te tN Ota 
&N OO & B ro oo th me RP o> OO OOR BO cy ier 














BON) IR OM BO OS 80 OG ROO NG Oh NN TG IN RD BOR NON ONUN PRIOBIND 








? 


RON ORD WO 8D a .Oe Gh Ge Ge OS SE Sos oh oh 























—— Kx Gf So oS om Se Soe Poo Sss 
OMe & Re RR OS hehe 












































“PCM Counts 


3.10-84 
Handle via BYEMAN 
TOP-SECRET G Control System Only 


Approved for Release: 2017/02/14 C05097359 




















Approved for Release: 2017/02/14 C05097359 


TO. 1 2G. 


puts can be converted back to "engineering units" using the response curves 
for the individual monitors. Thus, a temperature sionitor response would be 
ua 2 i =. 


reported in terms of degrees Fahrenheit rather than vélts. 


Computer programs have been developed to accomplish these conversion tasks as 
required. Special programs have also been developed whith predict readings 
for important instrumentation sensors based on commands sent to the vehicle 
and then compare the predicted and actual results for a rapid check of vehicle 
“Health”. Details on the telemetry prediction package are presented in Part 4, 


Section 7. 
10.5 Telemétry Formats 


Telemetry format programs determine the sequence in which data is. sampled 
by defining the sample order for a predetermined cycle length, This cycle 
& is then continuously repéated to produce the telemetry output. 


The data cycle is one second in length and is composed of elght-bit data 

words, While the time duration of the cycle igs fixed for all formats, the 
number of words varies as a function of the data rate and is equal to the 
data rate divided by eight. For example, at a 32 KBS rate, there are 4000 


words per data cycle. 


fo enable correlation of the date stream, the data cycle is divided into 
4 sequential groups of equal numbers of words known as-main frames. Each main 
frame begins with a three-word (24-bit) synchronization code followed by a 
main-frame code word indicating the main-frame number (its position in the 
data cycle}, The frame number increases by one each time a frame is read 
& ; out until it reaches the number of frames in the data cycle and resets. Us~ 
ing main-framé notation, the order of information in the data cycle appears 


as follows: 
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Main Frame 1 Word 1 = 

Main Frame 1 Word 2 

Main Frame 1 Word M pe 
Reset Main Frame 2 Word 1 Cycle 

Main Frame 2 


Main Frame N Word M 





Where: M = Number of words per main frame 


il 


z 
H 


Number of main frames per data cycle 


In practice, main-frame notation is not always the most useful method of handl- 

ing data, When establishing a format program, the data cycle is generally 

grouped in subframes, which simply represent the data sequence in an alternate (D 
way that is more convenient for programming purposes. A subframe is that group 

of words formed by taking the same specific word from each main frame in the 

data cycle (that is, a word at the same position in each main frame). Thus, 

the number of words in a subframe corresponds to the number of main frames in 

the data cycle. Main frames are numbered 1 through N according to the total 

number of frames in the cycle, and each word in a main frame is numbered 1 

through M up to the total number of words per main frame. The subframe number 


corresponds to the number of the main-frame word from which the subframe words £ 





are derived, and the number of the subframe word corresponds to the main-frame 
number in which it is located. For example, subframe 5 consists of word 5 from 
main-frame 1 (subframe word 1), word 5 from main-frame 2 (subframe word 2), .. ., 
and word 5 from main-frame N (subframe word N). Construction of a subframe from 

the main frame listing is illustrated pictorially in Figure 3.10-44 for a data ae 


cycle having 50 main frames. 
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Subframe Construction 


Figure 3.10-44. 
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10.5.1 Format Selection 


The MDTU is capable of handling a wide range of format options in terms of 





the number of main frames per data eycle and the number of words per main 


frame. A summary of these options is presented in Table 3.10-8. 


The configuration for any one. format is generally chosen on the basis of de- 





sired sampling rates for wonitors, and Limits imposed by the capacity of the 
MDTU memory. Since the aumber of. main frames in the cycle limits. the 
symmetric sempling rates that are available {symmetric meaning that. the 
sanples are equally spaced in the data cyele), the desired sampling rates 
determine the aunber of thatn ‘frames for the cycle. Selection of a ‘data 
rete (32, 64, or L28 KRS} then estaéblishes the number of words per main 


fyame as each mist be of equal length. 


19.5.2  Photegraphic Satellite Vehicle Telemetry Formats 





For the Gambit vehicle, the maximum capability of four formats is employed. 


All four have: fifty main frames per data cycle, resulting in symmetrical 


number of subframes in the format; in other words, the fumber of words per 
wain frame. The data rate for format A is, set at 32 KBS, resulting in. 40 


words per main frame. The rates for formats B, C, and D are set an G4 KRBS, 





jielding 166 words per main frame. 


Symmetrical sampling rates available above 50 Samples/second are speeds of 
80 times N, where Nis a factor of the number of words per main frame. Thus, 
at 80 words per tiain frame, rates of 106, 200, 250, 400, 500, and 800 sps 
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Stored formats 

Bit rates, KBS 

Analog channels 

Discrete channels 

Serial digital channels 
Main-frame word length 
Data cycle length (frames) 
Channel sample rates (sps)* 


Frame synchronization code 
(bits pseudorandom) 


Word length (bits) 


*sps: samples per second 
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0-8 
DATA CAPABILITIES 


Capability 
4 
32, 64, 128 
896 
768 
16 
5-256 
1-128 
1.000 to 15,750 
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are possible. Symmetrical rates greater than 800 sps are not possible due to 


the presence of the synchronization and main-frame identification codes. 


At this point, the advantage of subframe notation becomes apparent. Since 
each word of a subframe is equally spaced through the data cycle, symmetric 
sampling of a monitor at 50 sps or less can be obtained by spacing the mon- 
itor samples equally throughout the subframe (that is, the monitor is 
"symmetrically supercommutated" on a subframe). Figure 3.10-45 illustrates 
the spacing for a point monitored at 10 sps, and for one monitored at 5 sps. 
To achieve rates greater than 50 sps, the instrumentation point is monitor- 
ed in each word of multiple subframes which are equally spaced in the main 
frame as illustrated in Figure 3,10-46. Known as symmetrical supercommuta- 
tion in the main frame, data rates exceeding 50 sps are used only on selected 
points in the PPS/DP EAC such as the main current sensor, and the film drive 


frequency phase lock loop phase error monitors. 
10.5.3 Data Position Coding 


To designate data positions in the data frame structure, a coding system 

is used which accommodates the three types of instrumentation signals: 

Analog, discrete, and serial digital. The code consists of a combination 

of numbers and a vocabulary of five symbols. The numbers are in the decimal 
system and the symbols are "slash" (/}, "period" (.), "dash" (-), "colon" (:), 
and "comma" (,). For simplification, the following explanations and examples 
are based on a format with 50 main frames per data cycle, and 160 words per 


main frame: 


(1) The first number in the designator identifies the main 
frame word. 


Example: "27" indicates that the information is located 


in the twenty-seventh word of the main frame, 
or subframe 27. 
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Figure 3.10-45. Format Example: 10 sps and 5 sps Monitors 
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Format Example: 200 sps Monitor 


Figure 3.10-46. 
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A period indicates that the information is symmetrically 
supercommutated in the main frame (sample rates greater 
than or equal to 50 sps). The number on the left of the 
period identifies the first occurrence of the super- 
commutation. The number to the right of the period 
identifies the number of times the information is sym- 


metrically supercommutated. 


Example: "6.5'' indicates that the information is symmetrically 
supercommutated in the main frame five times; that is, 
the monitor is sampled in every word of 5 subframes 
for a rate of 250 sps. The first occurrence is in 
the sixth word of the main frame (subframe 6) and it 
appears every '160 divided by five" words thereafter 
(words 38, 70, 102, and 134). 


A comma indicates that the information is nonsymmetrically 
supercommutated. The number on the left of the comma identifies 
the first (or previous) occurrence and the number on the right 


of the comma indicates the next occurrence. 


Example: "7, 12, 38, 47" indicates that the information is in 
the seventh, twelfth, thirty-eighth and forty-seventh 
words as nonsymmetrical supercommutation. Thus, the 
monitor is sampled nonsymmetrically at 200 times per 


data cycle. 





A slash signifies that the information is on a subframe. The 
number to the left of the slash identifies the subframe (the main 
frame word number) which contains the monitor. The number to the 
right indicates the word on the subframe which contains the in- 


formation of interest. 


Example: "33/2.5" indicates that the information is located in 


subframe 33, and is symmetrically supercommutated five 
3,10-93 
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times or every "50 divided by 5° words for a sample 
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rate of 5 sps (subframe words 2, 12, 22, 32, and 42). 





Example: ''33/19" indicates that the information is located in 
the nineteenth word of subframe 33. 
(3) The dash indicates that the information is in serial digital form. 


The tumber on the left identifies the main-frame word which con- 





tains the beginning of the serial digital. expression and the 

number on the right indicates the main-frame word which contains 

the end of this expression. 

Example: "7 ~ 12" indicates that the information is located in 
the main frame in a serial digital expression which is 
six main~-frame words long beginning with main-frame 


word seven and ending with main-frame word twelve. 


(6} The colon indicates that the information is discrete (bilevel). 





The rumber to the left of the colon identifies the word in which 
the discrete information is located and the number to the right 
indicates the bit position which contains. the discrete information 


(the MSB is position number one). 


Example: 35/46:6" indicates that the informetion is a discrete 
point located in the sixth bit of the forty-sixth word 


ef the subframe in main-frame word mumber thirty five. 


To fully indicate the data positions, various combinations of symbols may be & 





used. The following examples ‘help to illustrate this. 
Example: "10" signifies the information is symmetrically super- 
commutated once in main-frame word 10 for a sample rate 


of 50 sps. 





Example: "1135-116/1.5" indicates the information is serial digital 
data located in subframes (main«frame words) 113 through 
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116 and symmetrically supercommutated on each sub- 
frame (subframe words 1, 11, 21, 31, and 41). The 
first occurrence is subframe 113, word 1, and the 


last occurrence is subframe 116, word 41. 


Example: '157/4:1.5" indicates the information is discrete, 
and is symmetrically supercommutated on subframe 157. 
The information occurs on bit 1 of subframe words 4, 


14, 24, 34, and 44 for a sample rate of 5 sps. 


Example: '15:4.2" signifies the information is discrete data 
and is symmetrically supercommutated twice in the 
main frame on the fourth bit of main-frame words 15 
and 95. In other words, the point is sampled on the 
fourth bit of every word in subframes 15 and 95 for a 


sample rate of 100 sps. 
10,5.4 Photographic Satellite Vehicle (PSV) Telemetry Modes 


The term mode is used to describe the operational state of the telemetry sub- 
system: Whether data is being recorded, if data is being transmitted, what 
format(s) can be used, etc. Five basic modes have been defined for the PSV, 
each of which serves a special purpose. Four of the modes (low-speed record, 
normal, diagnostic 1, and diagnostic 2) use distinct data formats for oper- 
ation, while the fifth (high-speed record) can operate using any one of the 
three 64 KBS formats. On-orbit, the choice of which modes and formats are 

to be used at any given time is based on the availability of the mode and 


the data that will be recovered from the format. 
Mode availability is limited by the state of the vehicle. For instance, 


real-time transmission cannot occur except during periods when the vehicle 


is in contact with a tracking station. 
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In terms of formats, the amount of data provided is determined by the percentage. 
of bit-rate allocated to BIF-008 for PPS/DP EAC monitoring. This allocation, 
estailished by the number of main-frame words or subframes assigned for BIF-008 


use, is lilustrated for cach format in Figures 3.10-47 through 3.10-59. 





Format nawes indicate the telemetry mode for which they are normally used. The 
recerd format is used. for the low-speed (32 KRS) record wodé in which distri- 


mentation data is stored by the vehicle tape recorder. This mode is ‘intended 





for use basically during periods when the vehicle ig hot iA contact with a 
tracking station. This is the only mode the record format can be used for 
since selecting this format automatically turns on ‘the tape recorder. Addi- 
‘tionally, there are no ground facilities available to process 32 KBS real~ 
time data. 


The normal format, or real-time format as it is often called, is génerally 
used for real-time readout wher the vehicle is in contact With a statdon. 


In this mode, instrumentation data from the MDTU is transmitted in real time, 





and, at the same time, data from the vehicle. recorders can be played back for 
transmission if desired. The normal format is also eiployed during ascent 


when data is being both transmitted and recorded simultaneously. 


The two diagnestic formats {diagnostic 1 and diagnostic 2) contain wany in- 
strumentation points sampled at higher rates than elther the record or normal 
formats provide to @id in analyzing performance of the vehicle. A largé por- 
tion of diagnostic 1 is assigned to BIF-008 and General Electric Aerospace and 


Electronic Systems Divisioan* (GE ABSD) for high rate sampling, while Lockheed. 





Missiles atid Space Compariy (LMSC) receives a minimal amount of data to adequate- 
ly monitor operation of the SCS. For diagnostic 2, the situation ts reversed. 
LMSC controls the ttajority of the format while BIF-008 and GE AESD receive 








‘Manufacturer of the extended and minimal command subsystem hardware. 
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Figure 3.10-47. Record Main Frame Format: PPS/DP EAC Allocation 
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Figure 3.10-48. Normal (Real Time) Format: PPS/DP EAC Allocation 
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Figure 3,10-49. Diagnostic 1 Main-Frame Format: PPS/DP EAC Allocation 
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Figure 3.10-50. Diagnostic 2 Main-Frame Format: PPS/DP EAC Allocation 
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ing in the same fashion as the normal mode. That is, they are selected for 
real-time data transmission during station contact periods. However, they 
also may be used in the high-speed (64 KBS) record mode. To illustrate this, 
Table 3,10-9 summarizes the various operational modes and indicates which for- 


mats may be used for them. 


10.6 MDTU_ Programming 





Programming of the MDTU makes use of certain techniques which increase the 
effective capacity of the memory by requiring fewer instruction words to con- 
trol the sample formats. The most significant of these techniques, and the 
one which most affects data arrangement in the formats, is subroutine program- 
ming. This procedure greatly enhances programming efficiency, and makes it 
desirable to create subframes containing monitors of all the same sampling 
rate. Although programming is not the responsibility of BIF-008, the sub- 
routine technique is discussed here in simplified fashion as it does influence 
the way in which those portions of the telemetry formats assigned to BIF-008 


are used. 
10.6.1 .MDTU Memory Organization 


The master unit memory can be segmented into a maximum of four formats (A,B, 

C, and D) with seven memory subsections for each format. The first subsection 
stores initialization instructions for the memory. The second subsection, the 
main frame instruction memory (IM) routine, contains as many memory words as 
there are words in each main frame of the particular format (the maximum allow- 
able is 256 words). The remaining five subsections are subroutines which store 


the specific data channel address. 


To generate the DCA sequence, the MDTU steps through the instruction memory at 
the main-frame rate, repeating the IM cycle as many times as there are main frames 


in the format data cycle. Each word of the IM subsection, (excluding the syn- 
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TABLE 3,10-9 
FORMAT AND. MODE CAPABILITY 





Format Selection 





Normal 
Mode Record (Real Time) Diagnostic 1 Diagnostic 2 
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During ascent, a combination of the normal and high-speed record 
modes is used, employing the normal {real time) format and is 
often referred to as the “ascent mode". 
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chronization and main-frame codes) addresses one of the five subroutines which 
contain the addresses of the data points. These are stored in the subroutine 
group-channel section in the proper sequence for the format. Each time a sub- 
routine is accessed, it steps to the next memory location in its subsection. 
The group-channel address stored there is then output to the slave DTU's (unless 
the address applies to serial digital data) and the addressed DTU generates an 
spe reply which becomes the next word in the PCM data stream. When the end 


of a subroutine is reached, it returns to step 1 and repeats, 


For the PSV, the four IM subsections are not all of equal length. The 
diagnostic 1, diagnostic 2, and normal format IM routines are each 160 
words long (since there are 160 words per main frame in these formats) and 
repeat at the rate of 50 times per second to produce 50 main frames. per 
data cycle. The record format contains only 80 words per main frame re- 
sulting in an IM subsection that is 80 words long. However, this format 
still contains 50 main frames in a data cycle, and thus its IM routine is 


also repeated 50 times per second. 


To illustrate the operation of the MDTU program, an example format has been 
chosen in which the IM routine addresses subroutine X only twice, once in 
word 6 and once in word 8. The first pass through the IM routine generates 
main frame 1 of the programmed format and addresses words 1 and 2 of sub- 
routine X, word 1 at IM word 6, and word 2 at IM word 8. The second time 
through the IM routine (generating main frame 2} words 3 and 4 of the sub- 
routine are accessed. This procedure continues up to the number of main 
frames in the data cycle and repeats. Thus, subroutine X contains the group- 
channel addresses for main frame word 6 in its odd numbered steps, and 

the addresses for main frame word 8 in its even numbered steps, and the 
addresses for main frame word 8 in its even numbered steps. Put in terms 
of subframes, the odd numbered positions of subroutine X contain sub- 


frame 6 of the format, and the even-numbered positions contain subframe 8. 
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Assuming subftames 6 and 8 consist af instrumentation monitors that are 
all sampled at the rate of 5S sps, the same sequence of group~channel ad- 
dresses is repeated 5 times in the data cycle. Therefore, the address 
sequence can be stored in the subroutine memory location once, and 


the subroutine ‘repeated five times for 6ach data cycle. 
10.6.2 Subroutine Construction 


As illustrated in the preceding example, ‘the order of addresses in the sub- 
toutines is pragtanmed according to the subframes for the fermat and the 
arrangement uf subframes in the main frame. Each subrourifie is assigned 
a particular sample rate. Therefore, all subframes of the same "Length" 
can be combined into one subroutine, The "length" of a subframe for. pre- 
gramming purposes is determined by the lowest sampling rate found in the 
subframe, and the subroutine rates available. For the PSV formats which 
have 50 words per subframe, a subframe containing two 25-sample/second 
monitors is said to have. a length of two; that is, only twa different 
addresses must be stored in a subroutine of the MDTU memory and ‘the sub- 


toutine fepeated at 4 rate of 25 times/second, 


Problems arise, however, when different data rates are mixed in the sub- 
frame, or subroutines of a matching rate are not available. Of the five 
subroutines, two are at fixed rates. The "high-speed address memory" 

{HSAM) subroutine runs at the main frame rate; in this case, $0 ‘times/sec- 
ond*, The "data cycle memory! (DCM) subroutine runs at ‘the data cytle 

















rate, which for the PSV is one time/second. The three renaining ‘subroutines, 


l, 2, and 3 can be set at any syumettic rate between J and 50, and rates 


, 10, and 25 times/second havé been chosen. 





Elawee): are oreeeed. as individual. aeeeanes in the HSAM cube wees, 
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Given a subframe with eight 5-sample/second monitors and five 2-sample/ 





second monitors, the initial subframe length would be 25 (50 words divided 
by the lowest rate: 2}. But with no subroutine available at the rate of 

two times/second, this subframe must be programmed into the DCM subroutine 
at a one sample/second rate, requiring 50 individual addresses to be stor- 


ed in memory. 


The effect of the format arrangement on MDTU programming is apparent. While 
it is not always possible to do so, moving five two-sps monitors to unused 
positions in other subframes that must be programmed at the DCM rate, would 
allow the remainder of the subframe to fit into the five sps subroutine. 
This would then require only 10 address positions in memory rather than 50 
(addresses must be supplied for the unused portion of the subframe as well 


as the eight monitors). 


Given the savings possible, it is desirable when constructing formats to 
limit the subframe "lengths" by placing monitors according to their sampl- 
ing rates. This consideration may be ignored if there is a need to have 
functions at certain positions in the data cycle in order to monitor them 
in time with respect to other functions, or with respect to the vehicle com- 
mand clock. In fact, restrictions have been placed on the number of sub~- 
frames used in a format by BIF-008 that must be programmed at the DCM rate 


(one sps)*. 
To summarize, Figure 3.10-51 illustrates the construction of a 5-time/second 


subroutine for a format containing three subframes of length 10 (5 sps, or 


greater), including the image memory routine and the monitor arrange- 


*Currently BIF-008 may have no more than ten of its assigned subframes in 
each format at the DCM rate by interface agreement with LMSC. 
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SUBROUTINE 1 
FIRST WORD OF SF 6 (FIO) 
FIRST WORD OF SF 9 
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F: FUNCTION 
S: SPARE CHANNEL 


NOTE: EXAMPLE IS FOR 80 WORDS 
PER MAIN FRAME, 50 MAIN 
FRAMES PER DATA CYCLE. 
SUBROUTINE 1 ADDRESSED 
ONLY IN WORDS 6, 9, AND 
19, 


an ae eee Oia | ADD = ADDRESS 
(7 |sync|SYNC{SYNC] 1D $a SR = SUBROUTINE 











9 16 SF = SUBFRAME 
ADD 
REPEATS 50 oa aad §3: a ce 
TIMES/SECOND poo 
yo aa SRi | ; 
25 [-— IMAGE MEMORY SHOWING 


SUBROUTINE 1 LOCATIONS 





FROM WORD 80 


Figure 3.10-51. Subroutine Construction 
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ment for one of the subframes. Although the illustrated subframe contains 
a monitor at 25 sps, the presence of monitors at 5 sps requires the sub- 


frame to be programmed as if all monitors were 5 sps. 
10.7 End-to-End Telemetry Accuracy 


The accuracy of the encoded telemetry data from sampling to ground display 
is dependent on a number of parameters which differ for analog and discrete 
data. The following analysis is taken from a report published by Aerospace 


Corporation*, 
10.7.1 Analog Instrumentation Error 


The parameters which affect the end-to-end telemetry accuracy of the encoded 
analog data signal, with the exception of error in the transducer itself, are 


as. follows: 


(1) DC offset 

(2} Sampling transient 

(3) Digitizing error 

(4) Analog-to-digital conversion error 
(5) Bit error (transmission) 

(6) Digital-to-analog conversion error 


(7) Display equipment error 
10.7.1.1 DC Offset. The error resulting from de offset is caused by the 
telemeter loading the transducer source (see Figure 3.10-52). The analog 


voltage to be encoded is Vo, but, due to the voltage drop across Ro, the 


actual encoded voltage, Vas is instead somewhat less. 


*Reference BIF-008 document W-N-010019-IH-73. 
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Where: Ry is the load 


impedance of the 
Telemeter and R 
is the source 
impedance of the 
Transducer. 


Figure 3.10-52. DC Offset Error Source 


The error is greatest when the transducer source impedance is large, As Re 
approaches zero and Ry approaches infinity, the encoded voltage approaches 

the true analog voltage. The value of Ry is specified to be greater than 

2 MQ at source voltages from 0.0 volts to 5.06 volts. However, a more typical 
value is 4 M2 for the slave DTU. The value of Re is restricted to less than 
10 K2. The maximum error using the worst case source resistance, and typical 


slave input resistance is calculated to be 0.25%. 
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10.7.1.2 Sampling Transient 


fe This error is caused by the input capacitance in the telemeter when the 


sampling gate is closed (see Figure 3.10-53). 
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Figure 3.10-55. Sampling Transient Error Source 


In this case, the total source capacitance is considered as Co. = Cy (source 
capacitance) + Co (cable capacitance). The telemeter input capacitance, C.» 


is entirely parasitic and is divided into two portions, Cy and Cy e C. is 
1 2 1 
called the unguarded capacitance and is the cause for the charge transfer 


Hy 


ap sampling error. C, is called the guarded capacitance and reduces the error 
caused by C,. This results from the guard amplifier which acts to maintain 


an equal charge on both sides of Cy . Thus, the transducer is not required to 


2 
ap charge cL, : 
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When the sampling gate closes, the charge that exists on Ce and Ce will ‘re- 


Bipaage:: Gr Ci 7ede else 











‘at. approximately 2000 pf. The initial error will detrease and approach zero 
with a ‘time. constant of Re (Cp +0, + C, 3. The settling tine provided for 
this. is a maximam of 30 psec (20 usec for line charge time within the miiti- 


plexer and 10 usec additional while the sample/hold capacitor is charged). 


Yor smabler values of Ops the initial error is larger since there is less 
total charge to be shared with the load capacitance, but the time constant 





is reduced resulting in a smaller final error. For large values of Cy 
(greater than 0.1 16., the aiiount of charge Stored reduces the initial error 


enough to overcome the effect of the longer time constant. 


It. is difficult to determine an error figire Since the exact. ratio of guard- 
ed to unguarded capacitance is not. known. (Total parasitic capacitance with- 
out the guard amplifier would be less than 100 pf.) Experimental data, how- 
‘ever, indicates that the error is approximately 0.80% for a worst case Sourte 


sapatitance of 2000 pf and source resistance of 10,000 ohms. 





10.7.1.3 Digitizing Error. The analog sample is éneoded by a series of 
eight successive approximations, Fach approximation decreases the digitiz~- 


ing error by one-half. Prior to the start of the encoding process, the. 





‘Sample voltage is known to be between 0.0 and 5.06 volts. After the first 


volts, vesulting In a first step accuracy of 21.265 volts. This 1.,265-volt 
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error is called the digitizing error and is reduced during each approxi- 
‘tation until, at the conclusion of the eight steps, the digitizing error is 
a less than £10 millivolts. 


10,7.1.4 A/D Conversion Error. The gain, offset, and linearity of the amp- 
lifier in the A/D converter lead to additional errors in the encoding process. 
These errors are unpredictable over the temperature range but -are estimated 


to be less than tS millivolts. 


10.%.4.5 Bit Error (Transmission). The encoded. data is recorded for play- 
back aml transmission to the pround stations at a later time and/or trans~ 
mitted in -réal tine. In either case, the data is affected only by the bit~ 
error rates of the equipment involved. A conservative Figure for the over- 
all bit-errer rate from the vehicle te the ground tracking station to the 
satellite test center is 2.x 1075, The Significance of this error in the 

@3 end-to-end, telemetry accuracy is difficult to determine since the error rate 
is @ probability that any bit (mot a particular bit} will be incorrect. There- 


‘fore, its contribution is negligible. 


10.7.4.6 D/A conversion Error. Hata that is Waintained in digital form, 
either in binary, or equivalent PCM counts, does. not incur any additional. 
inaccuracy. However, data converted te analog values and reported in terins 
of percent bandwidth can. be in error by as much ag 140 millivelts since 
a-Single percent bandwidth represents two to three binary levels (veference 
‘Section 10.4.4}. 


10,7.1.7 Display Equipment Error. Once data has been received , it can be 
displayed either in numerical form on printers or cathode ray screens, or 
plotted ona chart recorder. Of the two display methods, only the recorder 
@ ‘Will add to the ¢rror of the data except for major equipment failures. In 
the past, the recorder error has been shown to be less than 3% by comparison 


with other forms of data representation. 
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10.7.2 End-to-End Analog Accuracy Summary 


Of the major sources of error for analog telemetry, two are dependent on 
the output impedance of the transducer, and the remainder are independent 


of the transducer. 


The digitizing error, and A/D conversion error contribute a maximum of +15 
mv inaccuracy. Conversion to percent bandwidth, if performed, results in 


an additional +40 mv worst case. 


The errors caused by the de offset and sampling transient are significant 
when transducers with large source impedances are used, The error caused 
by the de offset is approximately -0.25% worst case, The error caused by 
charge transfer during the sampling period is affected by source capacitance 
and, under worst case conditions of 10 Kf and 2000 pf, is approximately 
~0.80%. The resultant total error due to transducer dependent sources is 
approximately -1.05%. 


Therefore, the worst case end-to-end accuracy of any encoded analog voltage 
displayed as a digital reading is approximately +0% +15 mv, -1,05% 415 mv. 
Thus, for a 5-volt signal, the maximum error will be +15 mv, -67.5 mv. Data 
converted to percent bandwidth adds an additional 240 mv inaccuracy, and, 


for data recorded on a chart recorder, +3% maximum inaccuracy is added. 


Although there is a large margin of error for the worst case source im- 
pedance, very few sensors fit in this range. Typical transducers, ex- 
hibiting source impedance in the range of 0 to 5 K& shunted by cap- 
acitances of 0.1 uf or more, are subject to a worst case error of 120 mv 


(specification limit) excluding ground processing errors. 
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10.7.3 Discrete Instrumentation Error 


The parameters which affect the end-to-end telemetry accuracy of the dig- 
ital data are the same as those for analog data with the exception of the 
conversion errors (both A/D and D/A) and the digitizing error. The re- 


maining parameters are: 


(1) DC offset 
(2) Sampling transient 
(3) Bit error 


(4) Display equipment error 


However, since a voltage level of -4 to +1 volt is detected and encoded as 
a digital 0, and a voltage of +3 to +33 volts is detected and encoded as a 
digital 1, the errors associated with de offset, sampling transients, and 
display equipment error have negligible effect on the data. Thus, the 
accuracy of encoded discrete telemetry data is affected only by the bit- 
error rates of the equipment involved. The error rates are the same as 


those for encoded analog data and are considered negligible. 

10.8 Instrumentation Summary 

Table 3.10-10 summarizes those instrumentation points directly associated with 
the instrumentation and telemetry subsystem. Points processed in the IP that 

do net affect performance of the overall subsystem are not listed, but can be 

found on the IP schematics presented in Figures 3.10-7 through 3.10-17. 


10.9 Command Summary 


10.9.1 10V WORD Command (Bits 29 and 30) 
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TABLE 3.10-10 
INSTRUMENTATION AND TELEMETRY SUBSYSTEM INSTRUMENTATION SUMMARY 





IMP TITLE DESCRIPTION POWER 
5032 PCM 1 ON/OFF, PCM 2 ON/OFF, Latching relays tracking the command input 45/415 vde 
FDS bits 9, 10 relays of the command processor monitor the 


receipt of commands from the satellite con- 
trol section and feed either 0.0v or 5.0v 
to a 4-bit integrated circuit D/A converter. 
Output occurs in 12 discrete steps ranging 
from 0.25v to 4.75v in 0.3v increments ex~ 
cluding the following voltage levels: 

1.15v; 2.35v; 3.55v; 4.75v. 


Bit 1 (LSB)* = PCM 1 ON/OFF 
Bit 2 PCM 2 ON/OFF 
Bit 3 FDS bit 9 

Bit 4 (MSB)**= FDS bit 10(LSB) 


tow 


vIL-oT's 


5589 DTU 1 ON/OFF A voltage divider network connected across Self 
the switched main power feed to DTU 1 pro- 
duces a voltage proportional to the main 
power voltage. The output is converted in 
the DTU to yield a binary signal (On/Off): 


ng = Off 
"7" = On 
5590 DTU 2 ON/OFF Similar to IMP 5589; moniters the switched Self 


power feed to DTU 2. 





*LSB 
**MSB 


Least Significant Bit 
Most Significant Bit 
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TABLE 3,10-10 {CONT'D} 


TMP YITLE DESCRIPTION POWER, 
5196 +15 vde supply A divider circuit in the instrumentation #15 vde 


processor produces 4 voltage proportional 
to the voltage level of the +15 vde regu- 
tated supply. The output is linear from 
0.0v (0,0v supply bevel) to 4.0v (€15..0v 
supply Level). 


5198 #5 vde supply A divider network in the instrumentation +5 vde 
precessor produces a voltage proportional 
to the voltage level of the +5v regulated 
supply. The output varies linearly from 
0.0v (0.0v supply level) to-4,0v (5.0v 
supply level). 


$200 «15 yde supply A divider network, which uses the +5 yvde 45/+15 vide 
supply as a bias source, produces an 
output proportional tothe voltage. level 
‘of the -15 vde supply. The output is 
linear from 4.0v (0.0v supply Level} to L,Ov 
(-15.0v supply level). 


Stt-oTé 


§3350 Temperature telemetry unit The temperature inside DN} 1 is monitored 418 vde 
Section 1 by a thermistor located on the power supply 
circuit board. The output is nonlinear 
from -20F (5.05v) to #155F (0.7v). 
5331 Temperature telemetry unit Similar to IMP 5330, monitors the tempera- +1$ vde 


Séetion 2 ture inside DTU 2. 
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Function: This command controls the DTU states and determines 
the power state of the +15-volt and +5-volt in- 
strumentation power supplies. 





Bit No. Funetion 
29-1 DTU 1 ON 
29-0 DTU 1 OFF 
30-1 DTU 2 ON 
30-0 DTU 2 OFF 





Interlocks: DTU 1 and 2 are logically interlocked to preclude 
simultaneous operation. Commanding DTU 1 ON while 
DTU 2 is already operating will remove power from 
both sides of the DTU. One side must be in the 
OFF state to permit the other to receive power. 


10.9.2 M6V WORD (Bits 33 and 34) 
(M6VO02YZ, bits 33 and 34) 


Function: This command controls the DTU states,the environ- 
mental power circuits, and the 5 parking brake power. 
The pressure transducer and the +15-volt and the +5- 
volt instrumentation power supplies are also switched 
by the DTU commands. 








Bit No. Function 

Implicit Spare 

33-1 DTU 1 ON 

33-0 DTU 1 OFF 

34-1 DTU 2 ON 

34.0 DTU 2 OFF 

35-1 Heater branches 1, 2, 4, 5, and 6, 
and 5 parking brake ON 

35-0 Heater branches 1, 2, 4, 5, and 6, 
and 5 parking brake OFF 

36-1 EPSM 1 ON 

36-0 EPSM 1 OFF 

37-1 EPSM 2 ON 

370 EPSM 2 OFF 





38-1 and 0 ‘Spares 
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Intertiocks: 
{1} DU 1 and 2 are logically interlocked to preclude 
simultaneous Operation. Commanding DTU 1 ON while 
DIV 2 is already operating. will remove power from 
both sides of the DTU. One side must be in the OFF 
state to permit the other to receive power. 


(2) Commanding 5 OP ON or 9/5 RUNOUT ON will disable the 


5 parking brake circuit. The circuit will not be re~- 
enabled until both 5 OP and 5 parking brake power 
are off. 


10.9.3 DTU ON Commands (MR) 


DTU 1 ON (MR 21) 
DTU 2 ON (MR 22) 


Function: These commands control power to the indicated PTY 
side, They also control power to the pressure 
transducer and the £15-volt and +5-volt instrumenta- 

Go tion power supplies. 

Interlocks: DTU 1 and DTU 2 are electrically interlocked to pre- 
vent. power application to both at the same time. 
Commanding DTU 1 ON while DTU 2 is operating will re- 
move power from both sides of the DTU. One side 
must be in the OFF state to permit ‘the other to 
receive power. 


10.9.4 DOYU GFF Command (Umbilical) 


Function: this is a vehicle umbilical comnand {BIL 8005) which 
removes power from both sides of the DTU, 
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